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A Note on Citations

This report includes a mixture of original

unpublished and published research pre-

sented at the  March 1999 State of the

Estuary (SOE) conference (noted as "Author,

SOE, 1999" for oral  presentations and

"Author, SOE Poster, 1999" for posters) with

fuller references listed on pp. 73 &  76);and

summaries of other research (noted as

"Author, Year" with a bibliography on p.76).

Some of the secondary, supporting biblio-

graphic references may be absent from

page 76 due to a data loss that occurred at

press time. To get these references, please

email the authors or contacts listed in the

section of your interest.

A Note to State  of  the  Estuary

Conference Participants

Thank you to all those who re s ponded to

our call for upd ated abstra cts after the co n-

fe re n ce.The San Fra n c i s co Es t u a ry Pro j e ct

a p p re c i ates your ext ra wo rk in helping us

put together this re po rt (and your pat i e n ce

with its delayed prod u ct i o n ) . Due to budget

and space co n s t ra i nt s, i n fo rm ation fro m

some po s ters and pre s e nt ations could not

be included in this re po rt, e s pe c i a l ly if not

s u b m i t ted in digital fo rm as re q u e s ted soo n

a fter the co n fe re n ce. Apo l ogies to any of

those who we we re not able to include.

In fo rm ation  from all po s ters and pre s e nt a-

tions can still be found in the original 

co n fe re n ce abstra ct boo k . For a full 

b i b l i og ra p hy of all co n fe re n ce pre s e nt at i o n s

and po s te r s, see page pp. 7 3 - 7 5 . Upd ate d

a b s t ra cts on the fo l l owing (not included in

this re po rt) may be obtained by emailing

b aya ri e l @ e a rt h l i n k . n e t : St ress Pro teins in

Asian clams (We rn e r ) ; Cl i m ate In f l u e n ce on

Di atoms (St a rrat ) ; Me rc u ry Di s c h a rg e

So u rces (Mo ra n ) ;Water Hya c i nths and the

Food Web (To ft ) ; Processes Af fe ct i n g

Be nthic Flux in Tra ce Metals (Ku wa b a ra ) ;

Le g a cy of Watershed Ma n a g e m e nt

( Mu m l ey ) ; and Land Use & Re s to rat i o n

( Bi n g e r ) .Thank you all again from the 

San Fra n c i s co Es t u a ry Pro j e ct.

Cover Interior  12/12/00  9:29 AM  Page 1



To order additional copies, send $5 per copy for
shipping and handling (payable to Friends of the
Estuary) to:

(510)622-2321
hb@rb2.swrcb.ca.gov

SFEP Program Manager

Conference Director

Report Editor

Contributing Editors

&

Proofreading

Photography

Design

Printing

Cover Interior  12/12/00  9:29 AM  Page 2



1

WHO,
WHAT
& WHY

This Report describes the current state of the

San Francisco Bay-Sacramento-San Joaquin Delta

Estuary's environment — waters, wetlands,

wildlife, watersheds and the aquatic ecosystem—

and provides restoration recommendations.

San Francisco Bay and the Delta combine to

form the West Coast's largest estuary, where fresh

water from the Sacramento and San Joaquin

rivers and watersheds flows out through the Bay

and into the Pacific Ocean. In the early 1800s, the

Bay covered almost 700 square miles and the

Delta’s rivers swirled through a vast Byzantine

network of 80 atoll-like islands and hundreds of

miles of braided channels and marshes. Back

then,almost a million fish passed through the

Estuary each year and 69 million acre-feet of

water crashed down from mountain headwaters

toward the sea. But in 1848 the Gold Rush began

and hydraulic mining plugged the rivers and

bays with more than one billion cubic yards of

sediments. Over time, farmers and city builders

filled up more than 750 square miles of tidal

marsh and engineers built dams to block and

store the rush of water from the mountains to

the Estuary, and added massive pumps and

canals to convey this water to thirsty cities and

farms throughout the state.

Today's Estuary encompasses roughly 1,600

square miles, drains more than 40% of the state

(60,000 square miles and 47% of the state's total

runoff),provides drinking water to 22 million

Californians (two-thirds of the state's population)

and irrigates 4.5 million acres of farmland. The

Estuary also enables the nation's fourth largest

metropolitan region to pursue diverse activities,

including shipping, fishing, recreation and com-

merce. Finally, the Estuary hosts a rich diversity of

flora and fauna. Two-thirds of the state's salmon

and nearly half the birds migrating along the

Pacific Flyway pass through the Bay and Delta.

Many government, business, environmental and

community interests now agree that beneficial

use of the Estuary's resources cannot be sus-

tained without large-scale environmental

restoration.

This State of the Estuary 2000 Report summa-

rizes restoration  and rehabilitation recommen-

dations drawn from the 29 presentations and 

99 posters of the 1999 State of the Estuar y

Conference and from related research. It also 

provides some vital statistics about changes in

the Estuary’s fish and wildlife populations,

pollution levels and flows over the past three

years, since the 1997 State of the Estuary

report was published.

The report and conference are all part of the

San Francisco Estuary Project's ongoing efforts t o

implement its Comprehensive Conservation and

Management Plan (CCMP) for the Bay and Delta

and to educate and involve the public in protect-

ing and restoring the Estuar y. The S.F. Estuary

Project's CCMP is a consensus plan developed

cooperatively by over 100 government, private

and community interests over a five-year period

and completed in 1993. The project is one of 28

such projects working to protect the water quali-

ty, natural resources and economic vitality of

estuaries across the nation under the U.S.

Environmental Protection Agency's National

Estuary Program,which was established in 1987

through Section 320 of the amended Clean

Water Act. Since its creation in 1987,the Project

has held four State of the Estuary conferences

and provided numerous publications and forums

on topics concerning the Bay-Delta environment.
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a c c u ra cy by assimilating real time

d ata from sensors throughout the

s ys tem and could pre d i ct such

things as phy to p l a n k ton dy n a m-

ics resulting from cre ation of new

s h a l l ow water areas in the De l t a .

The creation of too much

pavement in the Estuary water-

shed was Gary Binger's pet

peeve. This speaker from the

Association of Bay Area

Governments described the

challenges of getting 101 gov-

ernments to reduce the amount

of impervious surface causing

urban runoff pollution,and to

protect watersheds and stream

corridors. Binger gave the Bay

Area an environmental land use

report card grade of "C-"  —

arguing that cities need to do

much more to halt land- and

water-wasteful sprawl with

urban growth boundaries, to

cluster new development, to

promote urban infill, to increase

transit-oriented development,

and to stop zoning for jobs

without providing housing. The

latter has led to longer com-

mutes and more pavement,

hence more pollution.

Pollution caused by re s to rat i o n

was the surp rise of the next talk,

as the U.S. Ge o l og i cal Su rvey ' s

Sam Luoma reminded the audi-

e n ce that one good thing doe s

not always lead to another. He

wa rned that re m oving dams or

re s to ring marshes in areas with

kn own deposits of debris fro m

1800s hyd raulic gold mining

m i g ht worsen the Es t u a ry ' s

a l re a dy pe rva s i ve methy l

m e rc u ry po l l u t i o n .

Another po te ntial negat i ve

i m p a ct from re s to ration is the

i n c rease of oppo rtunities fo r

exotic species to settle in.

Di s ru p ted soil, te m po ra ri ly

s t ri p ped of shading mate ri a l ,i s

ideal turf for invading ri p a ri a n

p l a nts like Arundo donax (a habi-

t at- and wate r-guzzling spe c i e s

co m m o n ly kn own as the "plant

f rom hell"); l i kew i s e, salt po n d s

re ce nt ly opened to the tides and

n ew ly cre ated wetlands offer a

blank slate for At l a ntic co rd g ra s s

— a fast-spreading we t l a n d

p l a nt curre nt ly making a fo l ly out

of many we l l - i nte nt i o n e d

re s to ration effo rt s. Ac co rding to

U . C . Be rke l ey's Tom Du d l ey, t h e

"build it and they will co m e "

m e nt a l i ty must be te m pe re d

with planning to preve nt

u n wa nted ve g e t at i o n . He also

po i nted out that the "stable

hyd ro l ogy" of our highly co n-

t rolled water sys tem re d u ces bio-

d i ve r s i ty and pro m o tes inva s i o n s.

One of the strongholds of

n at i ve biod i ve r s i ty, at least in

te rms of fish, is Bay cre e k s, s a i d

s pe a ker Rob Le i dy of U.S. E PA .

Co m p a red to Ce nt ral Va l l ey

c re e k s, Bay creeks have more

d i verse and healthy assemblages

of nat i ve fish. Indeed nat i ve

s pecies dominated 75% of site s

sampled by Le i dy in 30 wate r-

s h e d s. Reasons for good nat i ve

fish surv i val around the Bay may

include fewer dams, d i ve r s i o n s

and re s e rvoirs (major sources of

exo t i c s ) , less distance to the ope n

ocean for migrating anadro m o u s

s pe c i e s, and the salt water at

c reek mouths —preve nt i n g

m ove m e nt of fre s h water spe c i e s

and invaders be tween dra i n a g e s.

" These are all strong arg u m e nt s

for focusing re s to ration on Bay

s t re a m s," said Le i dy.

Re s to ration aimed at getting

the most endangered fish, a n i-

mals and plants back on their

g i l l s, feet and roots pe rvaded an

i n fo rm at i o n - p a c ked panel on

Day 2 of the co n fe re n ce. First up

we re fish. Ac co rding to U.C.

Davis' Pe ter Moy l e, who rev i ewe d

the status of seve ral declining

n at i ve spe c i e s, Delta smelt show

no sign of re cove ry and nobody

understands what's going on

with green sturg e o n . Nu m be r s

of splittail, s a l m o n ,l o n gfin smelt

and two other nat i ve fishes of

co n ce rn have grown in the last

f i ve years as a result of an unusu-

al series of wet years and the

a c co m p a nying increased ri ve r

f l ows. A re t u rn of the dro u g ht

and high rates of diversion will

l i ke ly cause their numbers to

plummet again, h oweve r. " Nat u re

has coo pe rated ever since the

Bay- Delta Ac co rd, and bo u g ht us

some time.We need to make

some serious co m m i t m e nts to

co n s e rvation be fo re the next

d ro u g ht," said Moy l e.To help the

f i s h , Moyle called for more and

be t ter flood p l a i n s, m o re nat u ra l

hyd ro l og i cal re g i m e s, i m p rove d

a c cess to upstream habitat s, a n d

p reve ntion of further inva s i o n s

by exotic spe c i e s.

Preve ntion won't do much fo r

n at i ves of the Es t u a ry's muddy

and roc ky bo t to m ,h oweve r.

Ac co rding to Cal Fish & Ga m e ' s

Kat hy Hi e b, up to 90% of the

be nthic co m m u n i ty is co m p ri s e d

of exotic species in many place s,

and no amount of habitat

re s to ration can bring back the

n at i ve s. In re ce nt ye a r s, n at i ve

zoo p l a n k ton co ntinued their

decline dating back to the 1980s,

she said, but Bay shrimp are on

the re bound in part due to

i n c reased flows that aid shri m p

m i g ration and enhance nursery

h a b i t at.The ups and downs we re

nothing new to Hi e b, who co m-

p l e ted her talk by throwing up

her hands and saying  "Th e re ' s

no doubt that va ri a b i l i ty is the

e s s e n ce of the Es t u a ry. "

Owls and frogs could use a lit-

tle more of that va ri a b i l i ty said

the next spe a ke r, at least in te rm s

of habitat s.Th ree quarters of the

uplands once adjace nt to the

Bays h o re have been farm e d,

g ra ze d, l og g e d, d eve l o ped or

o t h e rwise destroye d, said Sa n

Jose St ate's Lynne Tru l i o, a n d

tod ay's levees now cre ate a "hard

edge around many we t l a n d s,

l e aving virt u a l ly no transition to

remaining uplands." Tru l i o

ze roed in on the impo rt a n ce of

this transition zone for the many

b i rd s, amphibians and te rre s t ri a l

s pecies (85% of special stat u s

s pecies) that cross back and fo rt h

over the wetland/upland edge in

s e a rch of food and re f u g e. " Th e

hyd ro l og i cal situation on these

t ransitional habitats is ve ry co m-

p l ex and difficult to re p l i cate.

The problem is, we have almost

no moist gra s s l a n d, no ve rn a l
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EXECUTIVE 
SUMMARY

Conference Overview Article

reprinted from ESTUARY

newsletter, April 1999

WISING UP ON REHAB 

" An eco s ys tem shaken to its

roo t s," is the way editor Bi l l

Jo rdan of the Un i ve r s i ty of

Wi s consin descri bed the Bay-

Delta watershed at the Ma rc h

1999 St ate of the Es t u a ry

Co n fe re n ce. By the time the co n-

fe re n ce wound to a close, o n e

thing had be come ve ry clear:

though the idea of "re s to rat i o n "

has the power to make us all

f i red up and "dewey- eye d," as

Jo rdan put it, the pra ct i ce is a far

less stra i g ht fo rwa rd endeavo r.

The gove rn m e nt may be spe n d-

ing billions on re s to ration to

s oothe the smoldering Ca l i fo rn i a

water wa r s, but there’s no guar-

a ntee that unhitching a few of

the shackles binding the estuar-

ine wo rkhorse is going to make it

b reak into a joyful gallop.

The shackles are indeed daunt-

i n g. First spe a ker Matt Kondolf of

U . C . Be rke l ey painted a stark pic-

t u re of damage done to the

e co s ys tem — the dams, re s e r-

voirs and levees co nt rolling its

spill from the Si e rra to the oce a n .

On ly one of nine ri vers — the

Cosumnes — runs fre e ;o n ly

t h ree of dozens of creeks have

h e a l t hy po p u l ations of spri n g -

run Ch i n ook salmon while less

h e a l t hy salmon ve nt u re fo rt h

f rom hatc h e ries that Ko n d o l f

l i kened to "methadone mainte-

n a n ce prog ra m s." Re s e rvoirs in

the Sa c ra m e nto and San Jo a q u i n

Ri ver basins are so exte n s i ve they

can now sto re more water than

a ct u a l ly runs off. Real re s to rat i o n

of this sys tem would re q u i re

re m oving whole dams from the

h e a dwaters and whole cities

f rom the flood p l a i n s.

Pe rhaps that’s why co n fe re n ce

o rg a n i zers chose the theme of

" re h a b i l i t ation," rather than

re s to ration — a choice seco n d

s pe a ker Jo rdan scolded them fo r.

“Re h a b i l i t ation means fitting or

refitting something out for use,

i t’s so unspecific it doe s n’t mean

ve ry much,”he said,“but eve ry-

body kn ows what re s to rat i o n

m e a n s, it means putting some-

thing back the way it wa s, g o i n g

back to something be t te r.“

Wh atever the wo rd, putting it

back the way it wa s, using the

n at u ral histo ric landsca pe and

e co l og i cal processes as a guide,

was the theme of spe a ker afte r

s pe a ker at the co n fe re n ce.

Hyd ro l ogist Phil Williams donned

an imaginary white co at and

diagnosed the Es t u a ry as suffe r-

ing from many pat h o l og i cal co n-

ditions including bloc king (dams),

n a rrowing (channelizing) and

h a rdening (levees) of the arte ri e s

( ri ve r s ) ,pe r s i s te nt bleeding

( ex po rt s ) ,f l atlining of the ri ve r s

(no more peaks and pulses and

f l ood s ) , and anemia (inability to

ca p t u re sediment ) .He called the

p u rchase of floodplain lands with-

out making provisions for cre at-

ing flood flows "cosmetic re s to ra-

tion" and said it was time to re t ro-

fit Ca l i fo rnia's "obsolete" wate r

p ro j e ct infra s t ru ct u re and re t h i n k

o pe ration of the dams — many of

which ope rate based on outd ate d

1940-50s policies and science." It ' s

time to free ourselves of the lega-

cy of decisions made 60 ye a r s

a g o," he said,calling for seri o u s

eva l u ation of the po te ntial to

re m ove some major dams.

The power of dams and leve e s

to shoot water stra i g ht thro u g h

the Es t u a ry, i n s tead of allowing it

to sit around for aw h i l e, was the

theme of the fo l l owing talk, by

U . C . Davis' Jeff Mo u nt. Mo u nt

said it used to take weeks fo r

water to move through the Sa n

Joaquin Ri ver sys te m , and now it

t a kes days — larg e ly be cause the

ri ver has been separated fro m

plains where it used to flood,

meander and deposit sediment s

and nutri e nt s. " The best re s to ra-

tion effo rts done within the

basin will be those that enhance

re s i d e n ce times," he said, c i t i n g

the prod u ct i v i ty of the Yo l o

Bypass where water now flood s

59,000 acres for two we e k s

i n s tead of a few days, s p u rri n g

g rowth of aquatic plants and 

animals and fat tening fish.

When water sits around fo r

aw h i l e, it has more time to seep

d own and replenish  gro u n dwa-

ter aquifers and spe a ker Ne i l

Du b rovs ky of the U.S. Ge o l og i ca l

Su rvey argued that it's been a

m i s t a ke to separate manage-

m e nt of surf a ce water fro m

g ro u n dwater for so long. He

reminded the audience that

t h e re's three times as much

g ro u n dwater as surf a ce wate r,

and that the two we re once part

of an inte g rated hyd ro l ogic sys-

tem in which gro u n dwater wa s

re c h a rged by infiltration of

s t ream flow and rainfall and in

t u rn suppo rted exte n s i ve we t-

lands along the axis of the

Ce nt ral Va l l ey, as well as sustain-

ing Delta streams during dry

m o nt h s. The va l l ey's aquifers co n-

s t i t u te an enormous sto ra g e

co m p a rt m e nt for fresh wate r

(102 million acre feet of usable

s to rage or more than tw i ce the

a m o u nt sto red in re s e rvo i r s

s t atew i d e ) . Du b rovs ky suggest-

ed it was time to analy ze and

co n f ro nt the long-te rm costs of

g ro u n dwater problems ca u s e d

by ove rpumping and agri c u l t u ra l

d rainage — land subsidence and

co nt a m i n ation — and to ex p l o re

s to rage of water in aquife r s

rather than new re s e rvo i r s, t h u s

re c re ating the hyd raulic co n n e c-

tion be tween water above and

be l ow gro u n d.

Next on stage was St a n fo rd ' s

Steve Mo n i s m i t h , who discussed

the pe rils and the promise of

using stat i s t i cal models to pre d i ct

h ow Es t u a ry circ u l ation and tra n s-

po rt might re s pond to CA L F E D ' s

e f fo rts to re s to re the De l t a .

Monismith advocated 

c re ation of a 21st ce nt u ry re p l a ce-

m e nt for the Bay Model in

Sa u s a l i to.This new thre e - d i m e n-

sional Bay Model 2000 — to be

housed in a netwo rk of deskto p

co m p u ters — would maint a i n
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a c c u ra cy by assimilating real time

d ata from sensors throughout the

s ys tem and could pre d i ct such

things as phy to p l a n k ton dy n a m-

ics resulting from cre ation of new

s h a l l ow water areas in the De l t a .

The creation of too much

pavement in the Estuary water-

shed was Gary Binger's pet

peeve. This speaker from the

Association of Bay Area

Governments described the

challenges of getting 101 gov-

ernments to reduce the amount

of impervious surface causing

urban runoff pollution,and to

protect watersheds and stream

corridors. Binger gave the Bay

Area an environmental land use

report card grade of "C-"  —

arguing that cities need to do

much more to halt land- and

water-wasteful sprawl with

urban growth boundaries, to

cluster new development, to

promote urban infill, to increase

transit-oriented development,

and to stop zoning for jobs

without providing housing. The

latter has led to longer com-

mutes and more pavement,

hence more pollution.

Pollution caused by re s to rat i o n

was the surp rise of the next talk,

as the U.S. Ge o l og i cal Su rvey ' s

Sam Luoma reminded the audi-

e n ce that one good thing doe s

not always lead to another. He

wa rned that re m oving dams or

re s to ring marshes in areas with

kn own deposits of debris fro m

1800s hyd raulic gold mining

m i g ht worsen the Es t u a ry ' s

a l re a dy pe rva s i ve methy l

m e rc u ry po l l u t i o n .

Another po te ntial negat i ve

i m p a ct from re s to ration is the

i n c rease of oppo rtunities fo r

exotic species to settle in.

Di s ru p ted soil, te m po ra ri ly

s t ri p ped of shading mate ri a l ,i s

ideal turf for invading ri p a ri a n

p l a nts like Arundo donax (a habi-

t at- and wate r-guzzling spe c i e s

co m m o n ly kn own as the "plant

f rom hell"); l i kew i s e, salt po n d s

re ce nt ly opened to the tides and

n ew ly cre ated wetlands offer a

blank slate for At l a ntic co rd g ra s s

— a fast-spreading we t l a n d

p l a nt curre nt ly making a fo l ly out

of many we l l - i nte nt i o n e d

re s to ration effo rt s. Ac co rding to

U . C . Be rke l ey's Tom Du d l ey, t h e

"build it and they will co m e "

m e nt a l i ty must be te m pe re d

with planning to preve nt

u n wa nted ve g e t at i o n . He also

po i nted out that the "stable

hyd ro l ogy" of our highly co n-

t rolled water sys tem re d u ces bio-

d i ve r s i ty and pro m o tes inva s i o n s.

One of the strongholds of

n at i ve biod i ve r s i ty, at least in

te rms of fish, is Bay cre e k s, s a i d

s pe a ker Rob Le i dy of U.S. E PA .

Co m p a red to Ce nt ral Va l l ey

c re e k s, Bay creeks have more

d i verse and healthy assemblages

of nat i ve fish. Indeed nat i ve

s pecies dominated 75% of site s

sampled by Le i dy in 30 wate r-

s h e d s. Reasons for good nat i ve

fish surv i val around the Bay may

include fewer dams, d i ve r s i o n s

and re s e rvoirs (major sources of

exo t i c s ) , less distance to the ope n

ocean for migrating anadro m o u s

s pe c i e s, and the salt water at

c reek mouths —preve nt i n g

m ove m e nt of fre s h water spe c i e s

and invaders be tween dra i n a g e s.

" These are all strong arg u m e nt s

for focusing re s to ration on Bay

s t re a m s," said Le i dy.

Re s to ration aimed at getting

the most endangered fish, a n i-

mals and plants back on their

g i l l s, feet and roots pe rvaded an

i n fo rm at i o n - p a c ked panel on

Day 2 of the co n fe re n ce. First up

we re fish. Ac co rding to U.C.

Davis' Pe ter Moy l e, who rev i ewe d

the status of seve ral declining

n at i ve spe c i e s, Delta smelt show

no sign of re cove ry and nobody

understands what's going on

with green sturg e o n . Nu m be r s

of splittail, s a l m o n ,l o n gfin smelt

and two other nat i ve fishes of

co n ce rn have grown in the last

f i ve years as a result of an unusu-

al series of wet years and the

a c co m p a nying increased ri ve r

f l ows. A re t u rn of the dro u g ht

and high rates of diversion will

l i ke ly cause their numbers to

plummet again, h oweve r. " Nat u re

has coo pe rated ever since the

Bay- Delta Ac co rd, and bo u g ht us

some time.We need to make

some serious co m m i t m e nts to

co n s e rvation be fo re the next

d ro u g ht," said Moy l e.To help the

f i s h , Moyle called for more and

be t ter flood p l a i n s, m o re nat u ra l

hyd ro l og i cal re g i m e s, i m p rove d

a c cess to upstream habitat s, a n d

p reve ntion of further inva s i o n s

by exotic spe c i e s.

Preve ntion won't do much fo r

n at i ves of the Es t u a ry's muddy

and roc ky bo t to m ,h oweve r.

Ac co rding to Cal Fish & Ga m e ' s

Kat hy Hi e b, up to 90% of the

be nthic co m m u n i ty is co m p ri s e d

of exotic species in many place s,

and no amount of habitat

re s to ration can bring back the

n at i ve s. In re ce nt ye a r s, n at i ve

zoo p l a n k ton co ntinued their

decline dating back to the 1980s,

she said, but Bay shrimp are on

the re bound in part due to

i n c reased flows that aid shri m p

m i g ration and enhance nursery

h a b i t at.The ups and downs we re

nothing new to Hi e b, who co m-

p l e ted her talk by throwing up

her hands and saying  "Th e re ' s

no doubt that va ri a b i l i ty is the

e s s e n ce of the Es t u a ry. "

Owls and frogs could use a lit-

tle more of that va ri a b i l i ty said

the next spe a ke r, at least in te rm s

of habitat s.Th ree quarters of the

uplands once adjace nt to the

Bays h o re have been farm e d,

g ra ze d, l og g e d, d eve l o ped or

o t h e rwise destroye d, said Sa n

Jose St ate's Lynne Tru l i o, a n d

tod ay's levees now cre ate a "hard

edge around many we t l a n d s,

l e aving virt u a l ly no transition to

remaining uplands." Tru l i o

ze roed in on the impo rt a n ce of

this transition zone for the many

b i rd s, amphibians and te rre s t ri a l

s pecies (85% of special stat u s

s pecies) that cross back and fo rt h

over the wetland/upland edge in

s e a rch of food and re f u g e. " Th e

hyd ro l og i cal situation on these

t ransitional habitats is ve ry co m-

p l ex and difficult to re p l i cate.

The problem is, we have almost

no moist gra s s l a n d, no ve rn a l
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WISING UP ON REHAB 

" An eco s ys tem shaken to its

roo t s," is the way editor Bi l l

Jo rdan of the Un i ve r s i ty of

Wi s consin descri bed the Bay-

Delta watershed at the Ma rc h

1999 St ate of the Es t u a ry

Co n fe re n ce. By the time the co n-

fe re n ce wound to a close, o n e

thing had be come ve ry clear:

though the idea of "re s to rat i o n "

has the power to make us all

f i red up and "dewey- eye d," as

Jo rdan put it, the pra ct i ce is a far

less stra i g ht fo rwa rd endeavo r.

The gove rn m e nt may be spe n d-

ing billions on re s to ration to

s oothe the smoldering Ca l i fo rn i a

water wa r s, but there’s no guar-

a ntee that unhitching a few of

the shackles binding the estuar-

ine wo rkhorse is going to make it

b reak into a joyful gallop.

The shackles are indeed daunt-

i n g. First spe a ker Matt Kondolf of

U . C . Be rke l ey painted a stark pic-

t u re of damage done to the

e co s ys tem — the dams, re s e r-

voirs and levees co nt rolling its

spill from the Si e rra to the oce a n .

On ly one of nine ri vers — the

Cosumnes — runs fre e ;o n ly

t h ree of dozens of creeks have

h e a l t hy po p u l ations of spri n g -

run Ch i n ook salmon while less

h e a l t hy salmon ve nt u re fo rt h

f rom hatc h e ries that Ko n d o l f

l i kened to "methadone mainte-

n a n ce prog ra m s." Re s e rvoirs in

the Sa c ra m e nto and San Jo a q u i n

Ri ver basins are so exte n s i ve they

can now sto re more water than

a ct u a l ly runs off. Real re s to rat i o n

of this sys tem would re q u i re

re m oving whole dams from the

h e a dwaters and whole cities

f rom the flood p l a i n s.

Pe rhaps that’s why co n fe re n ce

o rg a n i zers chose the theme of

" re h a b i l i t ation," rather than

re s to ration — a choice seco n d

s pe a ker Jo rdan scolded them fo r.

“Re h a b i l i t ation means fitting or

refitting something out for use,

i t’s so unspecific it doe s n’t mean

ve ry much,”he said,“but eve ry-

body kn ows what re s to rat i o n

m e a n s, it means putting some-

thing back the way it wa s, g o i n g

back to something be t te r.“

Wh atever the wo rd, putting it

back the way it wa s, using the

n at u ral histo ric landsca pe and

e co l og i cal processes as a guide,

was the theme of spe a ker afte r

s pe a ker at the co n fe re n ce.

Hyd ro l ogist Phil Williams donned

an imaginary white co at and

diagnosed the Es t u a ry as suffe r-

ing from many pat h o l og i cal co n-

ditions including bloc king (dams),

n a rrowing (channelizing) and

h a rdening (levees) of the arte ri e s

( ri ve r s ) ,pe r s i s te nt bleeding

( ex po rt s ) ,f l atlining of the ri ve r s

(no more peaks and pulses and

f l ood s ) , and anemia (inability to

ca p t u re sediment ) .He called the

p u rchase of floodplain lands with-

out making provisions for cre at-

ing flood flows "cosmetic re s to ra-

tion" and said it was time to re t ro-

fit Ca l i fo rnia's "obsolete" wate r

p ro j e ct infra s t ru ct u re and re t h i n k

o pe ration of the dams — many of

which ope rate based on outd ate d

1940-50s policies and science." It ' s

time to free ourselves of the lega-

cy of decisions made 60 ye a r s

a g o," he said,calling for seri o u s

eva l u ation of the po te ntial to

re m ove some major dams.

The power of dams and leve e s

to shoot water stra i g ht thro u g h

the Es t u a ry, i n s tead of allowing it

to sit around for aw h i l e, was the

theme of the fo l l owing talk, by

U . C . Davis' Jeff Mo u nt. Mo u nt

said it used to take weeks fo r

water to move through the Sa n

Joaquin Ri ver sys te m , and now it

t a kes days — larg e ly be cause the

ri ver has been separated fro m

plains where it used to flood,

meander and deposit sediment s

and nutri e nt s. " The best re s to ra-

tion effo rts done within the

basin will be those that enhance

re s i d e n ce times," he said, c i t i n g

the prod u ct i v i ty of the Yo l o

Bypass where water now flood s

59,000 acres for two we e k s

i n s tead of a few days, s p u rri n g

g rowth of aquatic plants and 

animals and fat tening fish.

When water sits around fo r

aw h i l e, it has more time to seep

d own and replenish  gro u n dwa-

ter aquifers and spe a ker Ne i l

Du b rovs ky of the U.S. Ge o l og i ca l

Su rvey argued that it's been a

m i s t a ke to separate manage-

m e nt of surf a ce water fro m

g ro u n dwater for so long. He

reminded the audience that

t h e re's three times as much

g ro u n dwater as surf a ce wate r,

and that the two we re once part

of an inte g rated hyd ro l ogic sys-

tem in which gro u n dwater wa s

re c h a rged by infiltration of

s t ream flow and rainfall and in

t u rn suppo rted exte n s i ve we t-

lands along the axis of the

Ce nt ral Va l l ey, as well as sustain-

ing Delta streams during dry

m o nt h s. The va l l ey's aquifers co n-

s t i t u te an enormous sto ra g e

co m p a rt m e nt for fresh wate r

(102 million acre feet of usable

s to rage or more than tw i ce the

a m o u nt sto red in re s e rvo i r s

s t atew i d e ) . Du b rovs ky suggest-

ed it was time to analy ze and

co n f ro nt the long-te rm costs of

g ro u n dwater problems ca u s e d

by ove rpumping and agri c u l t u ra l

d rainage — land subsidence and

co nt a m i n ation — and to ex p l o re

s to rage of water in aquife r s

rather than new re s e rvo i r s, t h u s

re c re ating the hyd raulic co n n e c-

tion be tween water above and

be l ow gro u n d.

Next on stage was St a n fo rd ' s

Steve Mo n i s m i t h , who discussed

the pe rils and the promise of

using stat i s t i cal models to pre d i ct

h ow Es t u a ry circ u l ation and tra n s-

po rt might re s pond to CA L F E D ' s

e f fo rts to re s to re the De l t a .

Monismith advocated 

c re ation of a 21st ce nt u ry re p l a ce-

m e nt for the Bay Model in

Sa u s a l i to.This new thre e - d i m e n-

sional Bay Model 2000 — to be

housed in a netwo rk of deskto p

co m p u ters — would maint a i n
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pools left to co py," she said.

The hard edge of many we t-

land re s to ration sites doesn't do

much for floristic dive r s i ty either,

a c co rding to spe a ker Bre n d a

Grewell of U.C.Dav i s. As slide

a fter slide of ra re petals and

foliage gra ced the scre e n ,

Grewell reminded the audience

t h at plants offer both eco l og i ca l

and aesthetic be n e f i t s. Ha b i t at

d e g ra d ation and fra g m e nt at i o n ,

and int ruding exotic flora ,h ave

diminished many emerg e nt

marsh plant co m m u n i t i e s, a n d

d e c i m ated species such as soft -

h a i red birds be a k , Suisun thistle

and Mason's lilaeopsis. Ac co rd i n g

to Grewe l l , re s to ration oppo rt u-

nities that "link tidal marshes to

alluvial soils, seeps and dra i n a g e s

should be a high pri o ri ty.Th e

c u rre nt te n d e n cy to cre ate tidal

marshes as indented poc ke t s

within levee sys te m s, s e p a rate d

f rom the histo ric margins of the

Es t u a ry, will not suppo rt histo ri c

f l o ristic dive r s i ty. "

Next spe a ker Ga ry Page of the

Po i nt Reyes Bi rd Ob s e rvato ry

wa rned that although tidal

marsh and mudflat re s to ration in

the Bay will help many bird s,

co nve rting salt ponds to this end

m ay not. " We can't turn back the

c l ock for the Bay. Co nversion of

man-made salt ponds will have

n e g at i ve co n s e q u e n ces for many

wate r b i rd s, b i rds that have no

p l a ce else to go," said Pa g e.

Far upstream where the wide

s h a l l ows of salt ponds and Bay

waters narrow into nine ri vers and

my riad tri b u t a ri e s, re s to rat i o n

e f fo rts are often short - l i ve d, s a i d

s pe a ker Scott Mc Bain of Mc Ba i n

and Tru s h . He re high flows are

quick to damage or destroy the

kind of patc h wo rk at tempts to

re s to re individual gravel beds or

ri ver banks that have oc c u rre d

without at te ntion to the sys te m

as a whole.To be t ter guide

re s to rat i o n , Mc Bain listed te n

at t ri b u tes of healthy, a l l u v i a l ,l ow -

g ra d i e nt, g rave l - bed ri vers in the

Ce nt ral Va l l ey, among them va ri-

able stream flows ;f re q u e nt move-

m e nt of riffles and bars by mod e r-

ate flood s ; pe ri odic channel

m i g rat i o n ;a c cess to a funct i o n a l

f l ood p l a i n ; and sediment tra n s-

po rt at approx i m ate ly the same

rate as delive red by the wate r-

s h e d.These simple, q u a nt i f i a b l e

at t ri b u tes evo ke the histo ric flu-

vial processes that underpin the

ri ver sys te m ,a c co rding to Mc Ba i n .

Based on these at t ri b u te s,

Mc Bain's re co m m e n d ations fo r

ri ver re h a b i l i t ation ranged fro m

c re ating more va ried stream flows

and establishing co nt i n u o u s

ri p a rian floodways  to incre a s i n g

coarse and reducing fine sedi-

m e nt supplies and sto ra g e.

Later, Joy Zedler from the

University of Wisconsin,and sev-

eral other speakers, described

the critical follow-up task of

monitoring the results of

restoration efforts. Zedler's case

in point was a 300-acre San

Diego mitigation project called

Sweetwater Marsh. In her evalu-

ation of project success, Zedler

looked at the degree to which

compliance criteria had been

met for three endangered

species damaged by the devel-

opment. Using remote sensing

and satellite imagery as tools,

Zedler examined habitat devel-

opment over time and found

that criteria for two species —

the California least tern and salt

marsh birds beak — had been

met. Habitat for the light-footed

clapper rail,however, had seri-

ous short-comings, namely

coarse soil,low nutrient sup-

plies, short vegetation,scale

insect outbreaks and inade-

quate nesting habitat.

Ac co rding to Ze d l e r, l e s s o n s

l e a rned from the San Diego pro j-

e ct pinpo i nt five eco s ys tem co m-

po n e nts that should not be

i g n o red in re s to rat i o n :a nt h ro-

pod pre d ators (there we re no

beetles to prey on the sca l e

i n s e ct s ) ;p l a nt ca n o py stru ct u re ;

soil stru ct u re ; soil nutri e nts and

s i te - l a n d s ca pe inte ra ct i o n s.

Another fo l l ow-up effo rt wa s

d e s c ri bed by Ch a rles Si m e n s t a d

f rom the Un i ve r s i ty of

Wa s h i n g to n , who co m p a red 

s eve ral diffe re nt re s to ration pro j-

e cts of diffe re nt ages in the

Pacific No rt h west to local co nt ro l

s i te s. Loo king for a possible co r-

re l ation be tween pro j e ct age

and fish utilizat i o n , he found that

the numbers of juvenile Pa c i f i c

salmon and a pro m i n e nt sculpin

g e n e ra l ly increased in the older

m a r s h e s.

Simenstad felt that although

the promise of re s to ring tidal

marsh eco s ys tems has incre a s e d

over the ye a r s, e f fo rts still suffe r

f rom the fo l l owing pitfalls: " f u n c-

tional fo rcing" (re s to ring only

one or two functions or habitat s

rather than a whole multi-func-

tional eco s ys te m ) ; "demand fo r

i n s t a nt grat i f i cation," (ex pe ct i n g

marshes to mat u re in far less

time than nat u ral proce s s e s

a l l ow, and inte rvening to make

things speed up, which is ofte n

co u nte rp rod u ct i ve ) ; and "mal-

a d a p t i ve monito ring" (monito r-

ing re s ponse without ex p l o ri n g

the underlying eco l og i ca l

p rocesses at wo rk in the sys te m .

As the co n fe re n ce prog re s s e d,

s pe a kers touched on my ri a d

other topics ranging from re s to r-

ing Delta islands, m a n a g i n g

s to rm water and wo rking with

w i l d l i fe - refuge neighbors to

d eveloping publicly palat a b l e

i n d i cators of re s to ration succe s s

and coming to scientific co n s e n-

sus on eco s ys tem goals.

As engineer Jeff Haltiner of

Philip Williams & As s oc i ates put it

in the waning hours of the co n-

fe re n ce :" It's nice to be invo lve d

in the re s to ration move m e nt, i t’s

kind of messianic, re l i g i o u s. . .

When it gets bo ring and mun-

d a n e, t h at will be when it's suc-

ce s s f u l , be cause it will be

i n g rained in the culture of the

co u nt ry." 

-Ariel Rubissow Okamoto

V I T A L  S T A T I S T I C S
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pools left to co py," she said.

The hard edge of many we t-

land re s to ration sites doesn't do

much for floristic dive r s i ty either,

a c co rding to spe a ker Bre n d a

Grewell of U.C.Dav i s. As slide

a fter slide of ra re petals and

foliage gra ced the scre e n ,

Grewell reminded the audience

t h at plants offer both eco l og i ca l

and aesthetic be n e f i t s. Ha b i t at

d e g ra d ation and fra g m e nt at i o n ,

and int ruding exotic flora ,h ave

diminished many emerg e nt

marsh plant co m m u n i t i e s, a n d

d e c i m ated species such as soft -

h a i red birds be a k , Suisun thistle

and Mason's lilaeopsis. Ac co rd i n g

to Grewe l l , re s to ration oppo rt u-

nities that "link tidal marshes to

alluvial soils, seeps and dra i n a g e s

should be a high pri o ri ty.Th e
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marshes as indented poc ke t s
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f rom the histo ric margins of the
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wa rned that although tidal
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the Bay will help many bird s,

co nve rting salt ponds to this end

m ay not. " We can't turn back the

c l ock for the Bay. Co nversion of

man-made salt ponds will have

n e g at i ve co n s e q u e n ces for many

wate r b i rd s, b i rds that have no

p l a ce else to go," said Pa g e.

Far upstream where the wide

s h a l l ows of salt ponds and Bay

waters narrow into nine ri vers and

my riad tri b u t a ri e s, re s to rat i o n

e f fo rts are often short - l i ve d, s a i d

s pe a ker Scott Mc Bain of Mc Ba i n

and Tru s h . He re high flows are

quick to damage or destroy the

kind of patc h wo rk at tempts to

re s to re individual gravel beds or

ri ver banks that have oc c u rre d

without at te ntion to the sys te m

as a whole.To be t ter guide

re s to rat i o n , Mc Bain listed te n

at t ri b u tes of healthy, a l l u v i a l ,l ow -

g ra d i e nt, g rave l - bed ri vers in the

Ce nt ral Va l l ey, among them va ri-

able stream flows ;f re q u e nt move-
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ate flood s ; pe ri odic channel
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po rt at approx i m ate ly the same

rate as delive red by the wate r-

s h e d.These simple, q u a nt i f i a b l e

at t ri b u tes evo ke the histo ric flu-

vial processes that underpin the

ri ver sys te m ,a c co rding to Mc Ba i n .

Based on these at t ri b u te s,

Mc Bain's re co m m e n d ations fo r

ri ver re h a b i l i t ation ranged fro m

c re ating more va ried stream flows

and establishing co nt i n u o u s

ri p a rian floodways  to incre a s i n g

coarse and reducing fine sedi-

m e nt supplies and sto ra g e.

Later, Joy Zedler from the

University of Wisconsin,and sev-

eral other speakers, described

the critical follow-up task of

monitoring the results of

restoration efforts. Zedler's case

in point was a 300-acre San

Diego mitigation project called

Sweetwater Marsh. In her evalu-

ation of project success, Zedler

looked at the degree to which

compliance criteria had been

met for three endangered

species damaged by the devel-

opment. Using remote sensing

and satellite imagery as tools,

Zedler examined habitat devel-

opment over time and found

that criteria for two species —

the California least tern and salt

marsh birds beak — had been

met. Habitat for the light-footed

clapper rail,however, had seri-

ous short-comings, namely

coarse soil,low nutrient sup-

plies, short vegetation,scale

insect outbreaks and inade-

quate nesting habitat.
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l e a rned from the San Diego pro j-
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po n e nts that should not be
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pod pre d ators (there we re no
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and fish utilizat i o n , he found that

the numbers of juvenile Pa c i f i c

salmon and a pro m i n e nt sculpin
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Simenstad felt that although

the promise of re s to ring tidal
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FLOWS
Recent Inflows

Normal or above normal rainfall has meant

improved Delta inflows in recent years. Inflows

to the Delta and Estuary were 39.8 million acre

feet (MAF) in water-year 1997 (October 1,1996

- September 30,1997),48.5 MAF in 1998 and

28.3 MAF in 1999. Delta outflows were 33.7

MAF in 1997,43.5 in 1998 and 22.4 in 1999

(DWR).

➤  MORE INFO? dfriend@water.ca.gov

Diversions for Beneficial Use

Water is diverted both within the Delta and

upstream in the Estuary’s watersheds to irri-

gate farmland and supply cities. In-Delta

exports have largely remained within the range of

4 to 6 MAF per year since 1974,but the percent of

Delta inflow diverted can vary widely from year to

year. In water-year 1997,5.1 MAF were diverted, 4.8

MAF in 1998 and 5 in 1999. The mean percentages

of total Delta inflows diverted were 13% in 1997,

10% in 1998 and 18% in 1999 (DWR).

➤  MORE INFO? dfriend@water.ca.gov

Water Recycling

Recycled water can be used to meet many of the

needs of cities, industries and  agriculture, helping

to reduce demand on the Estuary’s limited water

supply. Much more information documenting

recycled water use was available for the last State

of the Estuary report (1993-1998) than for the most

recent period covered by this report. Experts say

conditions have been wet enough in recent years

to dampen enthusiasm for recycling projects. In

general,however, Southern California remains far

ahead of the Bay Area in water recycling efforts.

But 25 Bay Area communities currently have or

plan water recycling projects.The Bay Area

Regional Water Recycling Program’s Master Plan

calls  for recycling 125,000 acre-feet of water per

year in the Bay Area by 2010 and about 240,000

af/year by 2025 to help create a reliable, drought-

proof water supply.

➤  MORE INFO? www.recyclewater.com.
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PERSPECTIVE 
Historical Changes to the
Bay-Delta Watershed:

Implications for 
Restoration
G. Mathias Kondolf

University of California, Berkeley

Over the last century and a half, the
watershed of the San Francisco Bay-
Delta has been altered to an extent
not commonly appreciated.
Populations of native fishes (including
an estimated 2-3 million Chinook
salmon) that formerly inhabited the
system have declined, with many races
extinct or nearly so.  Overfishing and
competition from introduced species
have been important factors in the
declines. Moreover, the geomorphic,
hydrologic and ecological processes in
the watershed that formerly supported
these native fish species have been
fundamentally changed by dams,
diversions, groundwater pumping, con-
version and filling of floodplain and
intertidal wetlands, gold and gravel
mining, levees, artificial bank protec-
tion, pollution, and land-use changes
in the watersheds draining to the
rivers, Delta, and Estuary.

Reservoir storage capacity in the
Sacramento-San Joaquin system now
totals 30 million acre-feet, with stor-
age equivalent to over 80% of the
runoff in the Sacramento River basin
and nearly 140% of the San Joaquin
River basin runoff.  As a result, fre-
quent floods (important for maintain-
ing channel form and habitat) have
been eliminated or drastically reduced
on many rivers.  As documented by the
Bay Institute, tidal wetlands in the San
Francisco and Suisun Bays have been
reduced to only 8% of their former
extent.  Intertidal wetlands in the
Delta have been diked off so thor-
oughly that of the 400,000 acres that
existed in 1850, only 8,000 remain:
only 2% of their original extent.
Similarly, 90% of the riparian forest
and riparian wetlands of the
Sacramento Valley have been cleared,
filled, or otherwise eliminated (Bay
Institute 1998).

It is essential that we understand the
nature and extent of these changes to
develop restoration goals and to
understand constraints upon what we
can realistically achieve, even in a
massive restoration program (Kondolf
and Larson 1995).  For example, we
understand that extensive flooding

was an important process in maintain-
ing habitat for salmon and other
native fish, but we cannot realistically
move large cities from the floodplain,
nor is it likely that we will remove
most existing dams.  However, it may
be possible to restore floodplain flood-
ing along some rivers and streams,
permitting natural processes to shape
channel and floodplain habitats.  Thus,
we should prioritize acquisition of land
or flooding/erosion easements along
rivers that still flood (i.e., rivers that
have not been so dammed that they
no longer have high flows).
Restoration of floodplain functions in
these reaches can also reduce flooding
pressure elsewhere (Healey et al.
1998).

To be effective and sustainable,
restoration must be based on a real
understanding of geomorphic and 
ecological processes, which can inform
restoration goals and choice of imple-
mentation strategy.  Recognizing that
uncertainty is unavoidable in light of
our limited understanding of the 
functioning of the system, an adaptive
management approach has been
adopted by the CALFED ecosystem
restoration program, emphasizing that
restoration actions can be taken that
serve to increase our understanding of
the system’s responses (Healey et al.
1998) (Kondolf, SOE, 1999).

➤  MORE INFO? 
www.ced.berkeley.edu/landscape/kondolf

Freshwater Flows 
to the San Francisco Estuary, 1980-96
in millions of acre feet

Amount of Inflow Diverted, 1956-99
Mean percent of inflow diverted

Source: DWR

Source: DWR

Pacific Ocean

Sacramento-
San Joaquin
River Delta

San
Francisco

Bay

SOE Layout 2b pdf v  12/7/00  10:24 PM  Page 6



FLOWS
Recent Inflows

Normal or above normal rainfall has meant

improved Delta inflows in recent years. Inflows

to the Delta and Estuary were 39.8 million acre

feet (MAF) in water-year 1997 (October 1,1996

- September 30,1997),48.5 MAF in 1998 and

28.3 MAF in 1999. Delta outflows were 33.7

MAF in 1997,43.5 in 1998 and 22.4 in 1999

(DWR).

➤  MORE INFO? dfriend@water.ca.gov

Diversions for Beneficial Use

Water is diverted both within the Delta and

upstream in the Estuary’s watersheds to irri-

gate farmland and supply cities. In-Delta

exports have largely remained within the range of

4 to 6 MAF per year since 1974,but the percent of

Delta inflow diverted can vary widely from year to

year. In water-year 1997,5.1 MAF were diverted, 4.8

MAF in 1998 and 5 in 1999. The mean percentages

of total Delta inflows diverted were 13% in 1997,

10% in 1998 and 18% in 1999 (DWR).

➤  MORE INFO? dfriend@water.ca.gov

Water Recycling

Recycled water can be used to meet many of the

needs of cities, industries and  agriculture, helping
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supply. Much more information documenting

recycled water use was available for the last State
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conditions have been wet enough in recent years

to dampen enthusiasm for recycling projects. In

general,however, Southern California remains far

ahead of the Bay Area in water recycling efforts.

But 25 Bay Area communities currently have or

plan water recycling projects.The Bay Area

Regional Water Recycling Program’s Master Plan

calls  for recycling 125,000 acre-feet of water per

year in the Bay Area by 2010 and about 240,000

af/year by 2025 to help create a reliable, drought-

proof water supply.
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system have declined, with many races
extinct or nearly so.  Overfishing and
competition from introduced species
have been important factors in the
declines. Moreover, the geomorphic,
hydrologic and ecological processes in
the watershed that formerly supported
these native fish species have been
fundamentally changed by dams,
diversions, groundwater pumping, con-
version and filling of floodplain and
intertidal wetlands, gold and gravel
mining, levees, artificial bank protec-
tion, pollution, and land-use changes
in the watersheds draining to the
rivers, Delta, and Estuary.

Reservoir storage capacity in the
Sacramento-San Joaquin system now
totals 30 million acre-feet, with stor-
age equivalent to over 80% of the
runoff in the Sacramento River basin
and nearly 140% of the San Joaquin
River basin runoff.  As a result, fre-
quent floods (important for maintain-
ing channel form and habitat) have
been eliminated or drastically reduced
on many rivers.  As documented by the
Bay Institute, tidal wetlands in the San
Francisco and Suisun Bays have been
reduced to only 8% of their former
extent.  Intertidal wetlands in the
Delta have been diked off so thor-
oughly that of the 400,000 acres that
existed in 1850, only 8,000 remain:
only 2% of their original extent.
Similarly, 90% of the riparian forest
and riparian wetlands of the
Sacramento Valley have been cleared,
filled, or otherwise eliminated (Bay
Institute 1998).

It is essential that we understand the
nature and extent of these changes to
develop restoration goals and to
understand constraints upon what we
can realistically achieve, even in a
massive restoration program (Kondolf
and Larson 1995).  For example, we
understand that extensive flooding

was an important process in maintain-
ing habitat for salmon and other
native fish, but we cannot realistically
move large cities from the floodplain,
nor is it likely that we will remove
most existing dams.  However, it may
be possible to restore floodplain flood-
ing along some rivers and streams,
permitting natural processes to shape
channel and floodplain habitats.  Thus,
we should prioritize acquisition of land
or flooding/erosion easements along
rivers that still flood (i.e., rivers that
have not been so dammed that they
no longer have high flows).
Restoration of floodplain functions in
these reaches can also reduce flooding
pressure elsewhere (Healey et al.
1998).

To be effective and sustainable,
restoration must be based on a real
understanding of geomorphic and 
ecological processes, which can inform
restoration goals and choice of imple-
mentation strategy.  Recognizing that
uncertainty is unavoidable in light of
our limited understanding of the 
functioning of the system, an adaptive
management approach has been
adopted by the CALFED ecosystem
restoration program, emphasizing that
restoration actions can be taken that
serve to increase our understanding of
the system’s responses (Healey et al.
1998) (Kondolf, SOE, 1999).
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Longfin Smelt

Ex pe rts pre d i cted a large longfin smelt po p u l a-

tion in 1997 due to ve ry good re c ru i t m e nt in 1995

and ext re m e ly high outflow in winter 1997, w h e n

the 1995 year class spaw n e d. Howeve r, l o n gf i n

smelt abundance, as measured by the CDFG fall

m i dwater trawl survey, o n ly reached an index of

6 7 6 , just slight ly higher than indices during the

1987-1992 dro u g ht. This seve re decline led to

s pe c u l ation that many re c ruits had washed out to

and re a red in the Gulf of the Fa ra l l o n e s. Howeve r,

age-1 longfin smelt indices in 1998 we re also ve ry

l ow, suggesting poor surv i val for the 1997 ye a r-

c l a s s. In 1998, l o n gfin smelt abundance incre a s e d

s u b s t a nt i a l ly to an index of 6,658, m o s t ly co m-

p rised of yo u n g - o f - t h e - ye a r.The 1998 prog e ny

re s u l ted from 1996 year class spaw n e r s, the first

eve n - year re c ruits from a po s t - d ro u g ht wet ye a r.

Hi s to ri ca l ly, s t rong year classes alte rn ated years and

we re a function of outflow during the early larva l

pe ri od. Poo rer than ex pe cted longfin smelt abun-

d a n ce in 1997, together with good flows in 1996

and be t ter flows in 1998 allowed eve n - year classes

to build on one another and be come dominant

( Ba xte r, Pe r s. Co m m . ,2 0 0 0 ) .

➤  MORE INFO?rbaxter@delta.dfg.ca.gov

Splittail

The Sacramento splittail appears to have bene-

fited from the recent series of wet years (Moyle,

SOE, 1999). Populations of the  silvery-gold min-

now, found only in Central Valley rivers and the

Delta,had declined sharply in recent years as a

result of drought, dams and diversions reducing

access to spawning habitat.The splittail was listed

as threatened under the federal Endangered

Species Act in early February 1999. Splittail abun-

dance in 1997 was poor (CDFG fall midwater trawl

survey index = 1.1), contrary to predictions.

Though dramatic flooding occurred in January

1997,the lack of subsequent rains resulted in dry

conditions during the March-April peak spawning

period. In contrast, high and persistent outflows

in 1998 led to a record high fall midwater trawl

survey total index of 282. Young-of-the-year (YOY)

made up 85% of the total index. Though not

record indices,YOY indices from the Delta

Outflow-San Francisco Bay Study midwater and

otter trawls reached levels comparable to 1995,

again indicating strong recruitment for 1998

(Baxter, Pers.Comm.,2000).

➤  MORE INFO? rbaxter@delta.dfg.ca.gov

Commercial  Fisheries

Although the spawning biomass of Pacific 

herring — by far the Bay's largest commercial

fishery- was the third highest on record in 1996-

1997,it plunged to 20,000 tons in 1997-1998 due

to low ocean productivity attributed to 1997’s El

Niño, and has not recovered.The spawning bio-

mass in 1998-1999 was 39,500 tons, and despite

good ocean productivity, preliminary indicators

are that the 1999-2000 spawning biomass will be

below the long-term average, which stands at

54,929 since 1978-1979 (Watters, Pers.Comm.,

2000).

➤  MORE INFO?dwatters@dfg2.ca.gov

Striped Bass

The population of striped bass, an important

sport fishing species, shows little sign of improve-

ment. In 1999 the indices for both the mid-sum-

mer townet survey and the fall midwater trawl

survey indicated that young-of-the-year striped

bass abundance is considerably lower than in the

1970s and early 1980s. Before 1995,high indices

were generally associated with wet years and low

indices with dry years. However, since 1995, both

indices have been the lowest on record even

though these were wet years. The 1999 townet

survey index was 2.2,making the fifth consecutive

year that the index has been below 10. The 1999

fall midwater trawl index of 541 was only 44% of

the 1998 index of 1,224,but similar to the years

1995-1997,when the index varied from 392 to

568. Prior to 1995,only five other years (all dry or

critically dry) had fall indices below 1,000 (Gartz,

Pers. Comm.,2000).

➤  MORE INFO?Rgartz@delta.dfg.ca.gov.

See also page 34 for more information on 

endangered fish.

FISH
Central Valley

Salmon

Most populations of

Central Valley Chinook

salmon seem to be

holding relatively

steady, with increases

for several protected

runs. Central Valley

salmon occur in four

discrete runs — winter-

run,spring- run,fall-run

and late fall-run (run

refers to the season in

which adults return to

their native streams to spawn). The winter-run

Chinook,with the lowest population,has been

listed as both a state and federal endangered

species since 1994. Although the 1997 return of

winter-run was only 841,the population rebound-

ed somewhat to 2,612 in 1998 and 3,208 in 1999,

the highest return since 1985. The next most sen-

sitive stock,the spring-run, was state listed as a

threatened species in 1998 and federally listed in

1999. The spring-run population jumped from a

five-year low of 5,312 in 1997 to 31,594 (the high-

est on record),then fell to 10,134 in 1999.

Sacramento fall-run are the most abundant

Chinook stock,with 308,674 returning in 1999.The

1999 San Joaquin fall-run return of 24,459 was

also above the 1967 to 1991 average annual

return of 21,000. The "late" fall-run (distinct from

fall-run) Central Valley Chinook population was

4,578 in 1997, 12,796 in 1998 and 8,683 in 1999

(Kano, Pers.Comm.,2000).

➤  MORE INFO? bkano@dfg.ca.gov.

Delta Smelt

The Delta smelt, a 2-3 inch-long, translucent fish

with a silvery blue sheen, was listed as a state and

federal threatened species in 1993. Historically

one of the most common species in the Estuary,

the population declined dramatically in the early

1980s. Delta smelt are considered environmentally

sensitive because they typically live for one year,

have a limited diet, and reside primarily in the

interface between salt and fresh water. In addi-

tion, females produce only 1,000 to  3,000 eggs,

and the planktonic larvae have a low survival rate.

Possible reasons for the Delta smelt's decline

include reductions in outflow, high outflows

(which push them too far down the Estuary),

entrainment losses at water diversions, changes in

food type and abundance, toxic substances, dis-

ease, competition,predation and loss of genetic

integrity. The 1998 Fall Midwinter Trawl index,420,

was the highest in three years, and the 1999

Summer Townet index,11.9, was

the highest since 1994,although it

was still below a pre-decline aver-

age of 20.4. The 1999 fall midwater

trawl index was 864,the third high-

est in 19 years. In the spring of

1999,delta smelt spawned primari-

ly in the Delta and remained there

for several weeks, causing high

entrainment levels at the State

Water Project and the Central

Valley Project and reduced water

exports at both facilities for over a

month (McIntire, Pers. Comm.,

2000; Rockriver, Pers.Comm.,2000).
➤  MORE INFO?
8mcintir@delta.dfg.ca.gov

     

     

   

 
                                             

                      

      
           

Delta Smelt Abundance Index, 1967-99
Fall Midwater Trawl

Striped Bass Abundance Index, 1980-99
Young striped bass, 38mm

Salmon Runs of Concern
in thousands of adult fish returning spawn
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and ext re m e ly high outflow in winter 1997, w h e n

the 1995 year class spaw n e d. Howeve r, l o n gf i n

smelt abundance, as measured by the CDFG fall

m i dwater trawl survey, o n ly reached an index of

6 7 6 , just slight ly higher than indices during the

1987-1992 dro u g ht. This seve re decline led to

s pe c u l ation that many re c ruits had washed out to

and re a red in the Gulf of the Fa ra l l o n e s. Howeve r,
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l ow, suggesting poor surv i val for the 1997 ye a r-
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we re a function of outflow during the early larva l
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d a n ce in 1997, together with good flows in 1996

and be t ter flows in 1998 allowed eve n - year classes

to build on one another and be come dominant

( Ba xte r, Pe r s. Co m m . ,2 0 0 0 ) .

➤  MORE INFO?rbaxter@delta.dfg.ca.gov

Splittail

The Sacramento splittail appears to have bene-

fited from the recent series of wet years (Moyle,

SOE, 1999). Populations of the  silvery-gold min-

now, found only in Central Valley rivers and the

Delta,had declined sharply in recent years as a

result of drought, dams and diversions reducing

access to spawning habitat.The splittail was listed

as threatened under the federal Endangered

Species Act in early February 1999. Splittail abun-

dance in 1997 was poor (CDFG fall midwater trawl

survey index = 1.1), contrary to predictions.

Though dramatic flooding occurred in January

1997,the lack of subsequent rains resulted in dry

conditions during the March-April peak spawning

period. In contrast, high and persistent outflows

in 1998 led to a record high fall midwater trawl

survey total index of 282. Young-of-the-year (YOY)

made up 85% of the total index. Though not

record indices,YOY indices from the Delta

Outflow-San Francisco Bay Study midwater and

otter trawls reached levels comparable to 1995,

again indicating strong recruitment for 1998

(Baxter, Pers.Comm.,2000).

➤  MORE INFO? rbaxter@delta.dfg.ca.gov

Commercial  Fisheries

Although the spawning biomass of Pacific 

herring — by far the Bay's largest commercial

fishery- was the third highest on record in 1996-

1997,it plunged to 20,000 tons in 1997-1998 due

to low ocean productivity attributed to 1997’s El

Niño, and has not recovered.The spawning bio-

mass in 1998-1999 was 39,500 tons, and despite

good ocean productivity, preliminary indicators

are that the 1999-2000 spawning biomass will be

below the long-term average, which stands at

54,929 since 1978-1979 (Watters, Pers.Comm.,

2000).

➤  MORE INFO?dwatters@dfg2.ca.gov

Striped Bass

The population of striped bass, an important

sport fishing species, shows little sign of improve-

ment. In 1999 the indices for both the mid-sum-

mer townet survey and the fall midwater trawl

survey indicated that young-of-the-year striped

bass abundance is considerably lower than in the

1970s and early 1980s. Before 1995,high indices

were generally associated with wet years and low

indices with dry years. However, since 1995, both

indices have been the lowest on record even

though these were wet years. The 1999 townet

survey index was 2.2,making the fifth consecutive

year that the index has been below 10. The 1999

fall midwater trawl index of 541 was only 44% of

the 1998 index of 1,224,but similar to the years

1995-1997,when the index varied from 392 to

568. Prior to 1995,only five other years (all dry or

critically dry) had fall indices below 1,000 (Gartz,

Pers. Comm.,2000).

➤  MORE INFO?Rgartz@delta.dfg.ca.gov.

See also page 34 for more information on 

endangered fish.

FISH
Central Valley

Salmon

Most populations of

Central Valley Chinook

salmon seem to be

holding relatively

steady, with increases

for several protected

runs. Central Valley

salmon occur in four

discrete runs — winter-

run,spring- run,fall-run

and late fall-run (run

refers to the season in

which adults return to

their native streams to spawn). The winter-run

Chinook,with the lowest population,has been

listed as both a state and federal endangered

species since 1994. Although the 1997 return of

winter-run was only 841,the population rebound-

ed somewhat to 2,612 in 1998 and 3,208 in 1999,

the highest return since 1985. The next most sen-

sitive stock,the spring-run, was state listed as a

threatened species in 1998 and federally listed in

1999. The spring-run population jumped from a

five-year low of 5,312 in 1997 to 31,594 (the high-

est on record),then fell to 10,134 in 1999.

Sacramento fall-run are the most abundant

Chinook stock,with 308,674 returning in 1999.The

1999 San Joaquin fall-run return of 24,459 was

also above the 1967 to 1991 average annual

return of 21,000. The "late" fall-run (distinct from

fall-run) Central Valley Chinook population was

4,578 in 1997, 12,796 in 1998 and 8,683 in 1999

(Kano, Pers.Comm.,2000).

➤  MORE INFO? bkano@dfg.ca.gov.

Delta Smelt

The Delta smelt, a 2-3 inch-long, translucent fish

with a silvery blue sheen, was listed as a state and

federal threatened species in 1993. Historically

one of the most common species in the Estuary,

the population declined dramatically in the early

1980s. Delta smelt are considered environmentally

sensitive because they typically live for one year,

have a limited diet, and reside primarily in the

interface between salt and fresh water. In addi-

tion, females produce only 1,000 to  3,000 eggs,

and the planktonic larvae have a low survival rate.

Possible reasons for the Delta smelt's decline

include reductions in outflow, high outflows

(which push them too far down the Estuary),

entrainment losses at water diversions, changes in

food type and abundance, toxic substances, dis-

ease, competition,predation and loss of genetic

integrity. The 1998 Fall Midwinter Trawl index,420,

was the highest in three years, and the 1999

Summer Townet index,11.9, was

the highest since 1994,although it

was still below a pre-decline aver-

age of 20.4. The 1999 fall midwater

trawl index was 864,the third high-

est in 19 years. In the spring of

1999,delta smelt spawned primari-

ly in the Delta and remained there

for several weeks, causing high

entrainment levels at the State

Water Project and the Central

Valley Project and reduced water

exports at both facilities for over a

month (McIntire, Pers. Comm.,

2000; Rockriver, Pers.Comm.,2000).
➤  MORE INFO?
8mcintir@delta.dfg.ca.gov
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ed less than 100 crabs at their fish salvage facility.

In fall 1997, t h ey co l l e cted approx i m ate ly 30,000

c ra b s ; in fall 1998, at least 775,000 cra b s ; and in fall

1 9 9 9 ,a p p rox i m ate ly 90,000 cra b s.

Mi t ten crabs also steal bait from spo rt anglers and

b ay shrimp from co m m e rcial trawl nets, and clog

PG&E power plant cooling water sys tems in the

we s te rn delta. The crab's burrowing is thought to

we a ken levees and banks, but no damage at t ri b u t a-

ble to the crab has been co n f i rm e d. A Nat i o n a l

Ma n a g e m e nt Plan for mitten crabs has been sub-

m i t ted to the Aq u atic Nu i s a n ce Species Task Fo rce.

➤  MORE INFO? khieb@delta.dfg.ca.gov

Pike

No rt h e rn pike, n at i ve to Canada and the Mi dwe s t,

we re illegally planted in the 85,000-acre - foot La ke

Davis re s e rvoir around 10 years ago. In 1997, t h e

s t ate De p a rt m e nt of Fish and Game tre ated the

l a ke with Ro tenone to try to preve nt the vo ra-

cious fish from escaping into the Sa c ra m e nto

Ri ver and eating endangered salmon, but the

t re at m e nt te m po ra ri ly co m p romised local wate r

supplies and an impo rt a nt local fishery. In May

1 9 9 9 , the pike re a p pe a re d. Si n ce then, b i o l og i s t s

h ave pulled over 250 pike from the lake, in an

e f fo rt to preve nt the po p u l ation explosion seen

be tween 1994 and 1997. After fish surveys

revealed that 95% of the pike we re inhabiting

Mo s q u i to Sl o u g h , a shallow we e dy channel lead-

ing into the lake, a 250-foot wide, 2 0 - foot deep

net was installed across the mouth of the slough

to trap the pike and preve nt them from ente ri n g

the lake (Ma rt a ra n o, Pe r s. Co m m . ,2 0 0 0 ) .The pike

h ave not been found outside of La ke Davis duri n g

the last few years (Moy l e, Pe r s. Co m m . ,1 9 9 9 ) . A

La ke Davis Coalition was fo rmed and released a

m a n a g e m e nt plan in Fe b ru a ry 2000 re co m m e n d-

ing trying phys i cal barri e r s, e l e ct ric shoc k s, u n d e r-

water ex p l o s i o n s, and even fishing derbies to co n-

t rol the pike.

➤  MORE INFO? smartara@dfg.ca.gov

Asian Clams

The Asian clam Potamocorbula amurensis has

continued to be the dominant benthic organism

in the North Bay and is also dominant in the Bay's

southern extreme during most years. The return

of freshwater flows has resulted in a seasonal

decline of the bivalve throughout the North Bay in

winter, followed by peaks in density after repro-

duction in spring and fall. A substantial increase in

phytoplankton biomass was seen in spring 1998 in

central San Pablo Bay.The only benthic station

that is routinely sampled in San Pablo Bay, DWR’s

station D41A,shows the phytoplankton bloom

occurred during the annual drop of P. amurensis,

thus supporting the supposition that declines in

phytoplankton are a result of overgrazing by P.

amurensis (Thompson, Pers. Comm.,2000).

Giant Reed

Gi a nt reed ( Arundo donax) was ori g i n a l ly int ro-

d u ced into Ca l i fo rnia by the Spanish in the late

1800s for erosion co nt rol  along drainage ca n a l s,

and since then this "plant from hell" has be come a

huge problem along ri p a rian areas around the Bay.

The reed spreads when pieces of the plant break off

and wash dow n s t re a m .The piece s — f rom either the

stalk or roo t s — can establish themselves whereve r

t h ey are depo s i te d.The reed guzzles water and ca n

smother nat i ve ri p a rian ve g e t at i o n . It is also highly

f l a m m a b l e. In 1997, it had been spo t ted in the

Russian Ri ve r, Napa Ri ve r, Sonoma Cre e k , and Sa n

Pe d ro Cre e k . Just a few years late r, it can be fo u n d

f rom Sa c ra m e nto tri b u t a ries to small urban stre a m s

t h roughout the Es t u a ry. Era d i cation and educat i o n

p rog rams are underway.

➤  MORE INFO? team_arundo@ceres.ca.gov

Shimofuri Goby

The shimofuri goby (Tridentiger bifasciatus) is a

recent invader of the Estuary, and probably arrived

in ballast water. The goby was first collected in

1985 in Suisun Marsh and has spread rapidly

throughout the Estuary. In Suisun Marsh,the goby

spawns repeatedly from March through

September, typically depositing 9,000 – 19,000

adhesive eggs on a hard, protected surface. The

male goby guards the eggs until they hatch,which

can take five to ten days depending on water tem-

perature. Experiments show that the shimofuri

goby can tolerate a wide range of temperatures

and salinities, which means it is capable of

expanding its range into that of the endangered

tidewater goby (Eucyclogobius newberryi). In the

laboratory, shimofuri gobies are aggressive

toward tidewater and yellowfin gobies (Matern,

SOE poster,1999).

➤  MORE INFO? samatern@ucdavis.edu

For more information on invasives see pp. 54-55 .

INVASIVE SPECIES
Green Crabs

The green crab ( Ca rcinus maenas) was first fo u n d

in South San Fra n c i s co Bay in the early 1990s, a n d

has spread north at least as far as the Ca rq u i n ez

St ra i t. Its distribution is limited by salinity: c ra b s

h ave been co l l e cted from water ranging from 7.5-

31 parts per thousand (ppt) salt to wate r, but few

h ave been co l l e cted from water with less than 10

p p t. On the west co a s t, g reen crabs are now fo u n d

as far north as British Columbia (Hi e b, Pe r s. Co m m . ,

2 0 0 0 ) . In co nt rast to its wide nat i ve range along the

At l a ntic coast of Eu ro pe, in we s te rn No rth Am e ri ca

the green crab is re s t ri cted to low energy, s o ft sub-

s t rate habitat s.

In a nine-year study of green crabs in Bodega

Bay, Grosholz,et al. found that in contrast to their

slow growth rates in Europe, green crabs grew

rapidly and reached sexual maturity in their first

year. Over the course of the nine-year study, the

green crab significantly reduced the abundance

of 20 invertebrate species, and within just three

years of being introduced, reduced densities of

native clams and native shore crabs by 5-10%,

including that of the shore crab Hemigrapsus ore-

gonensis, a common inhabitant of the lower South

San Francisco Bay. The study found no "bottom-

up" effects on the food web that would impact

shorebirds;however, such effects may occur as the

geographic range and local effects of the green

crab increase (Grosholz,et al.2000).

➤  MORE INFO? khieb@delta.dfg.ca.gov or 

tedgrosholz@ucdavis.edu

Chinese Mitten Crabs

The Chinese mitten crab (Eriocheir sinensis) was

introduced to South San Francisco Bay in the late

1980s or early 1990s;the 1990s saw a rapid

increase in its population and expansion of its 

distribution. By 1998,the mitten crab was widely

distributed in the Sacramento-San Joaquin Delta

and the Central Valley. In 1999,the population of

adult crabs decreased somewhat, and distribution

was more restricted than in 1998,especially in the

San Joaquin River. Although initially the mitten

crab population in California increased exponen-

tially, it is expected to eventually decrease and

remain at low or stable le vels for some time — in

the “boom and bust” style of many introduced

species (Hieb, Pers.Comm.,2000).

Mi g rating adult crabs have inte rfe red with fish 

s a lvage activities at pumping facilities in the south

d e l t a . In fall 1996, the fe d e ral water pro j e ct co l l e ct-

Figure 2. Distribution of the Chinese mitten crab in the San Francisco Estuary and its watershed, 1992, 1994, 1996, and 1998.  Solid blue area or lines indi-
cates presence of the crab.  Source: CDFG

Figure 1. Annual (October-March) catch per tow of adult Chinese mit-
ten crabs from CDFG's San Francisco Bay Study otter trawl survey,
1995-96 to 1997-98.   All female crabs >34 mm carapace width (CW)
and male crabs>39 mm CW were considered to be adult.  Source: CDFG
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ed less than 100 crabs at their fish salvage facility.

In fall 1997, t h ey co l l e cted approx i m ate ly 30,000

c ra b s ; in fall 1998, at least 775,000 cra b s ; and in fall

1 9 9 9 ,a p p rox i m ate ly 90,000 cra b s.

Mi t ten crabs also steal bait from spo rt anglers and

b ay shrimp from co m m e rcial trawl nets, and clog

PG&E power plant cooling water sys tems in the

we s te rn delta. The crab's burrowing is thought to

we a ken levees and banks, but no damage at t ri b u t a-

ble to the crab has been co n f i rm e d. A Nat i o n a l

Ma n a g e m e nt Plan for mitten crabs has been sub-

m i t ted to the Aq u atic Nu i s a n ce Species Task Fo rce.

➤  MORE INFO? khieb@delta.dfg.ca.gov

Pike

No rt h e rn pike, n at i ve to Canada and the Mi dwe s t,

we re illegally planted in the 85,000-acre - foot La ke

Davis re s e rvoir around 10 years ago. In 1997, t h e

s t ate De p a rt m e nt of Fish and Game tre ated the

l a ke with Ro tenone to try to preve nt the vo ra-

cious fish from escaping into the Sa c ra m e nto

Ri ver and eating endangered salmon, but the

t re at m e nt te m po ra ri ly co m p romised local wate r

supplies and an impo rt a nt local fishery. In May

1 9 9 9 , the pike re a p pe a re d. Si n ce then, b i o l og i s t s

h ave pulled over 250 pike from the lake, in an

e f fo rt to preve nt the po p u l ation explosion seen

be tween 1994 and 1997. After fish surveys

revealed that 95% of the pike we re inhabiting

Mo s q u i to Sl o u g h , a shallow we e dy channel lead-

ing into the lake, a 250-foot wide, 2 0 - foot deep

net was installed across the mouth of the slough

to trap the pike and preve nt them from ente ri n g

the lake (Ma rt a ra n o, Pe r s. Co m m . ,2 0 0 0 ) .The pike

h ave not been found outside of La ke Davis duri n g

the last few years (Moy l e, Pe r s. Co m m . ,1 9 9 9 ) . A

La ke Davis Coalition was fo rmed and released a

m a n a g e m e nt plan in Fe b ru a ry 2000 re co m m e n d-

ing trying phys i cal barri e r s, e l e ct ric shoc k s, u n d e r-

water ex p l o s i o n s, and even fishing derbies to co n-

t rol the pike.

➤  MORE INFO? smartara@dfg.ca.gov

Asian Clams

The Asian clam Potamocorbula amurensis has

continued to be the dominant benthic organism

in the North Bay and is also dominant in the Bay's

southern extreme during most years. The return

of freshwater flows has resulted in a seasonal

decline of the bivalve throughout the North Bay in

winter, followed by peaks in density after repro-

duction in spring and fall. A substantial increase in

phytoplankton biomass was seen in spring 1998 in

central San Pablo Bay.The only benthic station

that is routinely sampled in San Pablo Bay, DWR’s

station D41A,shows the phytoplankton bloom

occurred during the annual drop of P. amurensis,

thus supporting the supposition that declines in

phytoplankton are a result of overgrazing by P.

amurensis (Thompson, Pers. Comm.,2000).

Giant Reed

Gi a nt reed ( Arundo donax) was ori g i n a l ly int ro-

d u ced into Ca l i fo rnia by the Spanish in the late

1800s for erosion co nt rol  along drainage ca n a l s,

and since then this "plant from hell" has be come a

huge problem along ri p a rian areas around the Bay.

The reed spreads when pieces of the plant break off

and wash dow n s t re a m .The piece s — f rom either the

stalk or roo t s — can establish themselves whereve r

t h ey are depo s i te d.The reed guzzles water and ca n

smother nat i ve ri p a rian ve g e t at i o n . It is also highly

f l a m m a b l e. In 1997, it had been spo t ted in the

Russian Ri ve r, Napa Ri ve r, Sonoma Cre e k , and Sa n

Pe d ro Cre e k . Just a few years late r, it can be fo u n d

f rom Sa c ra m e nto tri b u t a ries to small urban stre a m s

t h roughout the Es t u a ry. Era d i cation and educat i o n

p rog rams are underway.

➤  MORE INFO? team_arundo@ceres.ca.gov

Shimofuri Goby

The shimofuri goby (Tridentiger bifasciatus) is a

recent invader of the Estuary, and probably arrived

in ballast water. The goby was first collected in

1985 in Suisun Marsh and has spread rapidly

throughout the Estuary. In Suisun Marsh,the goby

spawns repeatedly from March through

September, typically depositing 9,000 – 19,000

adhesive eggs on a hard, protected surface. The

male goby guards the eggs until they hatch,which

can take five to ten days depending on water tem-

perature. Experiments show that the shimofuri

goby can tolerate a wide range of temperatures

and salinities, which means it is capable of

expanding its range into that of the endangered

tidewater goby (Eucyclogobius newberryi). In the

laboratory, shimofuri gobies are aggressive

toward tidewater and yellowfin gobies (Matern,

SOE poster,1999).

➤  MORE INFO? samatern@ucdavis.edu

For more information on invasives see pp. 54-55 .

INVASIVE SPECIES
Green Crabs

The green crab ( Ca rcinus maenas) was first fo u n d

in South San Fra n c i s co Bay in the early 1990s, a n d

has spread north at least as far as the Ca rq u i n ez

St ra i t. Its distribution is limited by salinity: c ra b s

h ave been co l l e cted from water ranging from 7.5-

31 parts per thousand (ppt) salt to wate r, but few

h ave been co l l e cted from water with less than 10

p p t. On the west co a s t, g reen crabs are now fo u n d

as far north as British Columbia (Hi e b, Pe r s. Co m m . ,

2 0 0 0 ) . In co nt rast to its wide nat i ve range along the

At l a ntic coast of Eu ro pe, in we s te rn No rth Am e ri ca

the green crab is re s t ri cted to low energy, s o ft sub-

s t rate habitat s.

In a nine-year study of green crabs in Bodega

Bay, Grosholz,et al. found that in contrast to their

slow growth rates in Europe, green crabs grew

rapidly and reached sexual maturity in their first

year. Over the course of the nine-year study, the

green crab significantly reduced the abundance

of 20 invertebrate species, and within just three

years of being introduced, reduced densities of

native clams and native shore crabs by 5-10%,

including that of the shore crab Hemigrapsus ore-

gonensis, a common inhabitant of the lower South

San Francisco Bay. The study found no "bottom-

up" effects on the food web that would impact

shorebirds;however, such effects may occur as the

geographic range and local effects of the green

crab increase (Grosholz,et al.2000).

➤  MORE INFO? khieb@delta.dfg.ca.gov or 

tedgrosholz@ucdavis.edu

Chinese Mitten Crabs

The Chinese mitten crab (Eriocheir sinensis) was

introduced to South San Francisco Bay in the late

1980s or early 1990s;the 1990s saw a rapid

increase in its population and expansion of its 

distribution. By 1998,the mitten crab was widely

distributed in the Sacramento-San Joaquin Delta

and the Central Valley. In 1999,the population of

adult crabs decreased somewhat, and distribution

was more restricted than in 1998,especially in the

San Joaquin River. Although initially the mitten

crab population in California increased exponen-

tially, it is expected to eventually decrease and

remain at low or stable le vels for some time — in

the “boom and bust” style of many introduced

species (Hieb, Pers.Comm.,2000).

Mi g rating adult crabs have inte rfe red with fish 

s a lvage activities at pumping facilities in the south

d e l t a . In fall 1996, the fe d e ral water pro j e ct co l l e ct-

Figure 2. Distribution of the Chinese mitten crab in the San Francisco Estuary and its watershed, 1992, 1994, 1996, and 1998.  Solid blue area or lines indi-
cates presence of the crab.  Source: CDFG

Figure 1. Annual (October-March) catch per tow of adult Chinese mit-
ten crabs from CDFG's San Francisco Bay Study otter trawl survey,
1995-96 to 1997-98.   All female crabs >34 mm carapace width (CW)
and male crabs>39 mm CW were considered to be adult.  Source: CDFG
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WETLANDS &
WILDLIFE
Wetlands 

Only 3-4% of the Bay-Delta's historic wetlands

remain intact today. Fewer wetlands and riparian

zones have been protected through acquisition

since 1996 than in the prior three year period,

falling from 18,677 acres in 1996 to 10,983 in

March 1999. During the earlier period the vast

majority of reported acquisitions were baylands

(namely the unusually big purchase of almost

10,000 acres of North bay salt ponds),whereas the

more recent period included much larger acreages

of riparian zones and floodplain (6,106 acres in the

San Joaquin River Wildlife Refuge alone). Acres

protected by perpetual conservation easements

over private lands in the Central Valley and Suisun

Marsh grew from 67,292 to 75,000 acres between

1996 and 1999.

On the restoration front, the number of acres

actually restored or enhanced grew from at least

8,137 acres in 1996 to at least 13,656 acres of wet-

lands in March 1999 (note:acquisition and restora-

tion acreages overlap). The number of restoration

projects in the planning stages, many with no

guarantee of construction funding, also swelled,

from at least 12,693 acres in 1996 to 19,109 acres

in March 1999. Where most projects might have

been undertaken as mitigation for development

of wetlands in the past, the vast majority of cur-

rent projects are aimed at the health of the

ecosystem.The acreage of wetlands restored out-

paced that lost — see p. 67. Finally, programs pro-

viding incentives to individual landowners to

flood their land for seasonal w aterfowl and wet-

lands continued to grow — enhancing or restor-

ing over 90,000 acres as of 1999 —but did not

keep up with demand (the owners of  at least

47,000 acres still want to sign up) (Appendix A,

SFEP, 1999).

➤  MORE INFO? bayariel@earthlink.net

California Clapper Rail 

While numbers of the endangered California

Clapper Rail (Rallus longirostris obsoletus) had

dropped as low as 300-500 birds by 1991, recent

surveys indicate the rail’s Bay population may be

close to 1,200 and fair ly evenly divided between

the North and South Bays. However, heavy rains in

the winter of 1997-1998 may have caused some

declines in the North Bay, as residual high water,

particularly along the North San Pablo Bayshore

impacted nesting success (Albertson and Evens

1998). See also p. 46.

➤  MORE INFO? jevens@aol.com

Least  Terns 

While endan-

g e red least te rn s

co ntinue to nest

at the Al a m e d a

Naval Air St at i o n ,

re-use of the sta-

tion may not

bode well for the

te rn s, w i t h

human distur-

b a n ce and non-

n at i ve pre d ato r s

on the ri s e.

Although the

n u m ber of pairs

of te rns using

the base re m a i n s

s t a b l e, the num-

ber of succe s s f u l

fledglings has

d e c reased by a

t h i rd since 1997.

Fu rther nort h ,

the number of

te rns at the

So u t h e rn Powe r

( fo rm e rly PG & E)

cooling ponds in

Pi t t s b u rgh has

t ri p l e d, with 11-

12 pairs co u nte d

at the site this

ye a r. So u t h e rn Power is co ntinuing PG & E’s vo l u n-

t a ry monito ring prog ram at the site (Co l l i n s, Pe r s.

Co m m . ,1 9 9 9 ) . Si n ce most nesting at tempts at the

Oa kland Ai rpo rt in the past few years have failed

( p ro b a b ly due to pre d ation by fe ral cats and the

n o n - n at i ve red fox ) , the airpo rt is no longer

re q u i red to monitor  te rns or manage pre d ato r s

( Fe e n ey, Pe r s. Co m m . ,1 9 9 9 ) .

Salt Marsh Yellow Throat

The salt marsh ye l l ow t h ro at (Ge o t h lypis trichas sin-

u o s a) , also kn own as the San Fra n c i s co ye l-

l ow t h ro at, is a subspecies of the common ye l-

l ow t h ro at.The salt marsh ye l l ow t h ro at is hard ly

co m m o n ,h oweve r, and is a state Species of Spe c i a l

Co n ce rn and a fe d e ral Species of Ma n a g e m e nt

Co n ce rn . Su rveys in 1997 estimated 0.7 ye l-

l ow t h ro ats per hect a re of marsh studied (or abo u t

28 birds per 100 acre s ) . Be tween 5,700 and 10,600

salt marsh ye l l ow t h ro ats may be breeding in ava i l-

able tidal marshes, and an additional unkn ow n

n u m ber in bra c kish and fre s h water marshes.

Howeve r, salt marsh ye l l ow t h ro ats we re not co m-

mon in marshes other than those in Suisun Bay; i n

some marshes, no ye l l ow t h ro ats we re fo u n d.

➤  MORE INFO? n a d av n u r @ p r bo. o rg 

Salt Marsh Song Sparrows

The reproductive success of salt marsh song

sparrows was lower in 1997 and 1998 than in

1996. In 1998,nest success (the probability that a

nest fledges at least one young) was half of what it

was in 1996,a trend of concern. Preliminary data

for 1999 indicate continued low nesting success,

with flooding the major cause of nest failure.

Estimated numbers of Alameda song sparrows

range from 3,700-8,100; for the Suisun song spar-

row from 23,000-50,000;and for the Samuel’s song

sparrow from 20,000-44,000 (Nur, Pers. Comm.,

1999). Both salt marsh song sparrow and salt

marsh yellowthroat  densities were greater in

marshes with more channels, whether those chan-

nels were manmade or natural. While song spar-

row density does not appear to be positively cor-

related with any one species of plant, yellowthroat

densities were positively correlated with the per-

cent cover of Scirpus (including bulrushes and

tules), peppergrass, and cattails (Nur 1997).

➤  MORE INFO? nadavnur@prbo.org

Peregrine Falcons

With the ban of DDT and extensive cap-

tive breeding efforts, the Bay’s lost pere-

grine falcon population has begun to

recover. Peregrine falcons commonly prey

on ducks and waterbirds, and are thus a part of the

estuarine food web. By the late 1980s and early

1990s, the Bay Bridge had two breeding pairs, and

peregrines were wintering on all of the Bay

bridges, even the Bay Bridge toll plaza. This year,

there were confirmed nesting attempts on almost

all of the bridges, meaning that at any given time,

approximately 7 pairs of peregrines make the

Estuary their home. The U.C. Santa Cruz Predatory

Research Group has been removing young from

the bridges when they begin to fledge to prevent

them from drowning or being hit by cars (which

often happens),and releasing them elsewhere

around the state (Bell, Pers. Comm.,1999).

➤  MORE INFO? dbell@sfbdo.org

Riparian Brush Rabbit

A subspecies of brush rabbit, the riparian brush

rabbit (sylvilagus bachmani riparius), is considered

the most critically endangered species in the state,

with less than a few dozen rabbits remaining.

Endemic to California and weighing only 1.5

pounds, the rabbit was once common along the

middle part of the San Joaquin River and tributar-

ies, extending as far upstream as the riparian

forests did.The remaining members of this sub-

species are largely confined to Caswell State Park,

along the San Joaquin,where 1997 floods proba-

bly lowered their already small numbers(Faubion;

Pers. Comm.,1999 & Williams; Pers. Comm.,1999).

➤  MORE INFO? rfaubion@mpusbr.gov

Harbor  Seals 

Harbor seal (Phoca vitulina) numbers in the Bay

have remained fairly stable over the past decade.

Depending on the season—pupping, molting, or

winter—they can be found in large numbers at

one of three haul-out sites. During pupping season

(March-May),harbor seals are most plentiful at

Mowry Slough,where a high of 240 seals was

counted during 1995-1997. In 1998,numbers

dropped to 201. In the winter months, the seals are

most plentiful at Yerba Buena Island, when Pacific

herring (Clupea pallasi) are spawning in the Bay. In

winter 1998, researchers counted 296 seals at

Yerba Buena,slightly up from 1995’s 242. Castro

Rocks, a chain of rock clusters just south of the

Richmond Bridge, is used year round, although

more seals use the rocks during pupping and

molting season (June-August). In the 1995 molting

season, researchers counted 161 seals on the

rocks. Numbers dropped over the next three years,

reaching as few as 96,but by 1999 the count had

rebounded to 141. Additional information is avail-

able for the Castro Rocks population,where

researchers from San Francisco State University

have been collecting baseline data for the past

year and a half to help minimize impacts on the

seals from seismic retrofit work scheduled for the

Richmond Bridge in 2000. Harbor seals have been

known to abandon a site if human disturbance is

too great. (Green, Pers. Comm.,1999).

➤  MORE INFO? seals@sfsu.edu

Salt Marsh Harvest Mouse 

The status of the Bay's endangered salt marsh

harvest mice (Reithrodontomys raviventris) hasn't

changed much over the past few years. Small and

very small populations (a few mice per acre) can

still be found in many locations around the Estuary

in habitats that are marginal at best;the conver-

sion of salt marsh to freshwater marsh in the South

Bay poses a continuing problem for the mice

(Shellhammer, Pers.Comm.,2000). In the North Bay

at Suisun Marsh,mitigation for water project

impacts requires state and federal agencies to con-

duct surveys of the salt marsh harvest mouse pop-

ulations every three years. Seven set-aside areas in

the marsh and the Peytonia Slough Ecological

Reserve were surveyed during August and

September 1998. The salt marsh har vest mouse

appeared to have survived the extensive flooding

of early 1998 while the western harvest mouse

and house mouse did not. Trapping success was

greatest at the Benicia Industrial unit, where 18

mice were captured in one month (Finfrock, IEP

Newsletter Fall 1998).

➤  MORE INFO? shellhammer@biomail.sjsu.edu

or pfinfroc@water.ca.gov

California 
Least Tern Nesting
Alameda Naval Air Station

Maximum Maximum
Number Number of 

Year of Pairs fledgings

1976 10 NA
1977 45 NA
1978 80 13
1979 40 NA
1980 77 8
1981 74 103
1982 70 0
1983 3 1
1984 47 10
1985 53 60
1986 53 88
1987 59 97
1988 67 87
1989 75 93
1990 99 108
1991 112 144
1992 130 221
1993 128 210
1994 138 206
1995 150 73
1996 208 233
1997 244 316
1998 243 90
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WETLANDS &
WILDLIFE
Wetlands 

Only 3-4% of the Bay-Delta's historic wetlands

remain intact today. Fewer wetlands and riparian

zones have been protected through acquisition

since 1996 than in the prior three year period,

falling from 18,677 acres in 1996 to 10,983 in

March 1999. During the earlier period the vast

majority of reported acquisitions were baylands

(namely the unusually big purchase of almost

10,000 acres of North bay salt ponds),whereas the

more recent period included much larger acreages

of riparian zones and floodplain (6,106 acres in the

San Joaquin River Wildlife Refuge alone). Acres

protected by perpetual conservation easements

over private lands in the Central Valley and Suisun

Marsh grew from 67,292 to 75,000 acres between

1996 and 1999.

On the restoration front, the number of acres

actually restored or enhanced grew from at least

8,137 acres in 1996 to at least 13,656 acres of wet-

lands in March 1999 (note:acquisition and restora-

tion acreages overlap). The number of restoration

projects in the planning stages, many with no

guarantee of construction funding, also swelled,

from at least 12,693 acres in 1996 to 19,109 acres

in March 1999. Where most projects might have

been undertaken as mitigation for development

of wetlands in the past, the vast majority of cur-

rent projects are aimed at the health of the

ecosystem.The acreage of wetlands restored out-

paced that lost — see p. 67. Finally, programs pro-

viding incentives to individual landowners to

flood their land for seasonal w aterfowl and wet-

lands continued to grow — enhancing or restor-

ing over 90,000 acres as of 1999 —but did not

keep up with demand (the owners of  at least

47,000 acres still want to sign up) (Appendix A,

SFEP, 1999).

➤  MORE INFO? bayariel@earthlink.net

California Clapper Rail 

While numbers of the endangered California

Clapper Rail (Rallus longirostris obsoletus) had

dropped as low as 300-500 birds by 1991, recent

surveys indicate the rail’s Bay population may be

close to 1,200 and fair ly evenly divided between

the North and South Bays. However, heavy rains in

the winter of 1997-1998 may have caused some

declines in the North Bay, as residual high water,

particularly along the North San Pablo Bayshore

impacted nesting success (Albertson and Evens

1998). See also p. 46.

➤  MORE INFO? jevens@aol.com

Least  Terns 

While endan-

g e red least te rn s

co ntinue to nest

at the Al a m e d a

Naval Air St at i o n ,

re-use of the sta-

tion may not

bode well for the

te rn s, w i t h

human distur-

b a n ce and non-

n at i ve pre d ato r s

on the ri s e.

Although the

n u m ber of pairs

of te rns using

the base re m a i n s

s t a b l e, the num-

ber of succe s s f u l

fledglings has

d e c reased by a

t h i rd since 1997.

Fu rther nort h ,

the number of

te rns at the

So u t h e rn Powe r

( fo rm e rly PG & E)

cooling ponds in

Pi t t s b u rgh has

t ri p l e d, with 11-

12 pairs co u nte d

at the site this

ye a r. So u t h e rn Power is co ntinuing PG & E’s vo l u n-

t a ry monito ring prog ram at the site (Co l l i n s, Pe r s.

Co m m . ,1 9 9 9 ) . Si n ce most nesting at tempts at the

Oa kland Ai rpo rt in the past few years have failed

( p ro b a b ly due to pre d ation by fe ral cats and the

n o n - n at i ve red fox ) , the airpo rt is no longer

re q u i red to monitor  te rns or manage pre d ato r s

( Fe e n ey, Pe r s. Co m m . ,1 9 9 9 ) .

Salt Marsh Yellow Throat

The salt marsh ye l l ow t h ro at (Ge o t h lypis trichas sin-

u o s a) , also kn own as the San Fra n c i s co ye l-

l ow t h ro at, is a subspecies of the common ye l-

l ow t h ro at.The salt marsh ye l l ow t h ro at is hard ly

co m m o n ,h oweve r, and is a state Species of Spe c i a l

Co n ce rn and a fe d e ral Species of Ma n a g e m e nt

Co n ce rn . Su rveys in 1997 estimated 0.7 ye l-

l ow t h ro ats per hect a re of marsh studied (or abo u t

28 birds per 100 acre s ) . Be tween 5,700 and 10,600

salt marsh ye l l ow t h ro ats may be breeding in ava i l-

able tidal marshes, and an additional unkn ow n

n u m ber in bra c kish and fre s h water marshes.

Howeve r, salt marsh ye l l ow t h ro ats we re not co m-

mon in marshes other than those in Suisun Bay; i n

some marshes, no ye l l ow t h ro ats we re fo u n d.

➤  MORE INFO? n a d av n u r @ p r bo. o rg 

Salt Marsh Song Sparrows

The reproductive success of salt marsh song

sparrows was lower in 1997 and 1998 than in

1996. In 1998,nest success (the probability that a

nest fledges at least one young) was half of what it

was in 1996,a trend of concern. Preliminary data

for 1999 indicate continued low nesting success,

with flooding the major cause of nest failure.

Estimated numbers of Alameda song sparrows

range from 3,700-8,100; for the Suisun song spar-

row from 23,000-50,000;and for the Samuel’s song

sparrow from 20,000-44,000 (Nur, Pers. Comm.,

1999). Both salt marsh song sparrow and salt

marsh yellowthroat  densities were greater in

marshes with more channels, whether those chan-

nels were manmade or natural. While song spar-

row density does not appear to be positively cor-

related with any one species of plant, yellowthroat

densities were positively correlated with the per-

cent cover of Scirpus (including bulrushes and

tules), peppergrass, and cattails (Nur 1997).

➤  MORE INFO? nadavnur@prbo.org

Peregrine Falcons

With the ban of DDT and extensive cap-

tive breeding efforts, the Bay’s lost pere-

grine falcon population has begun to

recover. Peregrine falcons commonly prey

on ducks and waterbirds, and are thus a part of the

estuarine food web. By the late 1980s and early

1990s, the Bay Bridge had two breeding pairs, and

peregrines were wintering on all of the Bay

bridges, even the Bay Bridge toll plaza. This year,

there were confirmed nesting attempts on almost

all of the bridges, meaning that at any given time,

approximately 7 pairs of peregrines make the

Estuary their home. The U.C. Santa Cruz Predatory

Research Group has been removing young from

the bridges when they begin to fledge to prevent

them from drowning or being hit by cars (which

often happens),and releasing them elsewhere

around the state (Bell, Pers. Comm.,1999).

➤  MORE INFO? dbell@sfbdo.org

Riparian Brush Rabbit

A subspecies of brush rabbit, the riparian brush

rabbit (sylvilagus bachmani riparius), is considered

the most critically endangered species in the state,

with less than a few dozen rabbits remaining.

Endemic to California and weighing only 1.5

pounds, the rabbit was once common along the

middle part of the San Joaquin River and tributar-

ies, extending as far upstream as the riparian

forests did.The remaining members of this sub-

species are largely confined to Caswell State Park,

along the San Joaquin,where 1997 floods proba-

bly lowered their already small numbers(Faubion;

Pers. Comm.,1999 & Williams; Pers. Comm.,1999).

➤  MORE INFO? rfaubion@mpusbr.gov

Harbor  Seals 

Harbor seal (Phoca vitulina) numbers in the Bay

have remained fairly stable over the past decade.

Depending on the season—pupping, molting, or

winter—they can be found in large numbers at

one of three haul-out sites. During pupping season

(March-May),harbor seals are most plentiful at

Mowry Slough,where a high of 240 seals was

counted during 1995-1997. In 1998,numbers

dropped to 201. In the winter months, the seals are

most plentiful at Yerba Buena Island, when Pacific

herring (Clupea pallasi) are spawning in the Bay. In

winter 1998, researchers counted 296 seals at

Yerba Buena,slightly up from 1995’s 242. Castro

Rocks, a chain of rock clusters just south of the

Richmond Bridge, is used year round, although

more seals use the rocks during pupping and

molting season (June-August). In the 1995 molting

season, researchers counted 161 seals on the

rocks. Numbers dropped over the next three years,

reaching as few as 96,but by 1999 the count had

rebounded to 141. Additional information is avail-

able for the Castro Rocks population,where

researchers from San Francisco State University

have been collecting baseline data for the past

year and a half to help minimize impacts on the

seals from seismic retrofit work scheduled for the

Richmond Bridge in 2000. Harbor seals have been

known to abandon a site if human disturbance is

too great. (Green, Pers. Comm.,1999).

➤  MORE INFO? seals@sfsu.edu

Salt Marsh Harvest Mouse 

The status of the Bay's endangered salt marsh

harvest mice (Reithrodontomys raviventris) hasn't

changed much over the past few years. Small and

very small populations (a few mice per acre) can

still be found in many locations around the Estuary

in habitats that are marginal at best;the conver-

sion of salt marsh to freshwater marsh in the South

Bay poses a continuing problem for the mice

(Shellhammer, Pers.Comm.,2000). In the North Bay

at Suisun Marsh,mitigation for water project

impacts requires state and federal agencies to con-

duct surveys of the salt marsh harvest mouse pop-

ulations every three years. Seven set-aside areas in

the marsh and the Peytonia Slough Ecological

Reserve were surveyed during August and

September 1998. The salt marsh har vest mouse

appeared to have survived the extensive flooding

of early 1998 while the western harvest mouse

and house mouse did not. Trapping success was

greatest at the Benicia Industrial unit, where 18

mice were captured in one month (Finfrock, IEP

Newsletter Fall 1998).

➤  MORE INFO? shellhammer@biomail.sjsu.edu

or pfinfroc@water.ca.gov

California 
Least Tern Nesting
Alameda Naval Air Station

Maximum Maximum
Number Number of 

Year of Pairs fledgings

1976 10 NA
1977 45 NA
1978 80 13
1979 40 NA
1980 77 8
1981 74 103
1982 70 0
1983 3 1
1984 47 10
1985 53 60
1986 53 88
1987 59 97
1988 67 87
1989 75 93
1990 99 108
1991 112 144
1992 130 221
1993 128 210
1994 138 206
1995 150 73
1996 208 233
1997 244 316
1998 243 90
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WATER 
& SEDIMENTS
Overall Contaminant Conditions

The level  of contamination in the Estuary today

is high enough to impair the health of the ecosys-

tem, even though some contaminants are clearly

reduced from peak levels seen in

earlier decades. As a whole, the

Estuary can be described as

moderately impaired. Indications

of impairment include the toxici-

ty of the water and sediment

samples;the frequent presence

of contaminant concentrations

exceeding water, sediment and

fish guidelines;and altered com-

munities of sediment dwelling

organisms. Overall,sites in the

lower South Bay, the Petaluma

River mouth,and San Pablo Bay

are more contaminated than

other sites. Contamination in the

Central Bay is lower primarily

due to mixing with relatively

clean ocean water. Of all the con-

taminants measured by the Bay’s

Regional Monitoring Program,

results suggest that those of greatest concern are

mercury, polychlorinated biphenyls (PCBs),diazi-

non and chlorpyrifos (two pesticides). Also of con-

cern are copper, nickel,zinc, DDT, chlordane, diel-

drin,dioxins and polyaromatic hydrocarbons

(PAHs). Work outside the RMP suggests that sele-

nium is also a big concern (RMP, 2000).

➤  MORE INFO? www.sfei.org

Harmful Chemicals in Estuary Fish

Estuary fish contain several types of contami-

nants at levels high enough to raise concern for

the health of both the humans and wildlife con-

suming them,and even for the health of the fish

themselves. Fish contamination guidelines

referred to as "screening values" have been devel-

oped for the Estuary by the S.F. Estuary Institute’s

Regional Monitoring Program follow-

ing the guidance of the U.S.EPA

(exceedance of the values indicates

potential human health concerns). In

1997,mercury and PCBs exceeded

screening values for over 50% of the

samples tested from the Bay.

Researchers also tested a small num-

ber of fish samples for dioxins, and all

seven of these samples exceeded the

dioxin screening value. Screening val-

ues for DDTs, chlordanes, and dieldrin

were exceeded in 15-37% of samples

tested. Organic contaminants such as

PCBs and pesticides were highest in

white croaker and shiner surfperch,

while mercury was highest in striped

bass and leopard shark. Fish from the

Oakland harbor contained significantly

higher contaminant concentrations

than those from other locations.

Throughout the Bay, concentrations of PCBs, chlor-

dane, dieldrin and DDT were lower in 1997 than

1994. Continued monitoring will be required to

establish whether the declines obser ved are real

indications of declining masses of contaminants

or due to variation in other factors (RMP, 2000).

Farther upstream,the Sacramento River

Watershed Program began monitoring fish con-

tamination in the river in 1997. White catfish from

the Sacramento River exhibited relatively high

mercury concentrations. Rainbow trout  from the

northern Sacramento River had the lowest mercu-

ry concentrations among the species sampled,

and relatively low concentrations of organic con-

taminants (Davis et al.,SOE Poster, 1999).

➤  MORE INFO? www.sfei.org

Toxic Hot Spots in Bay Sediments 

Sediment quality screening of 127 sites in the

Bay—conducted as part of the State Water

Resources Control Board's Bay Protection and

Toxic Cleanup Program—identified a number of

sites as candidate toxic hot spots (see map).

Screening involved the use of reference sites to

establish toxicity thresholds, followed by  labora-

tory toxicity tests, in which amphipods and sea

urchin embryos were exposed to field-collected

sediment samples. Researchers then revisited

sites producing toxic samples for additional toxici-

ty testing, chemical

analysis, and evalu-

ation of infaunal

benthic communi-

ties. Preliminary

investigations of

sources and causes

of observed toxici-

ty were undertaken

at a few candidate

sites, indicating

increasing adverse

biological effects

associated with

increasing sedi-

ment concentra-

tions of numerous

covarying chemi-

cals, including pes-

ticides, metals,

PCBs, PAHs, hydro-

gen sulfide and

ammonia. Results

(TIE) implicated trace metals as probable causes of

toxicity at two sites, one in the South Bay and one

in Suisun Bay (Hunt et al.,1998). Many of the most

highly polluted sites were located near urban

creeks and storm drains. (Hunt et al.,SOE Poster,

1999).

➤  MORE INFO? jwhunt@ucdavis.edu

Linking Pollutants to Biological Effects 

The developed world has invested billions of dol-

lars in waste treatment since the 1970s, however,

changes in ecological or biological responses are

rarely associated with reductions in metal pollu-

tants. Researchers examined this association in a

novel,23 year, time series of environmental change

from a San Francisco Bay mudflat located 1 km

from the discharge of a suburban domestic sewage

treatment plant. Samples of surface sediment, the

bioindicator clam Macoma balthica (which feeds on

material attached to sediments),and metals load-

ing data were used to establish links between dis-

charge, bioaccumulation,and effects. Mean annual

silver concentrations in M.balthica were 106 parts

per million (ppm) in 1978 and 3.67 ppm in 1998.

Concentrations of copper declined from 287 ppm

in 1980 to a minimum of 24 ppm in 1991. Declining

copper bioaccumulation was strongly correlated

with decreasing copper loads from the plant

between 1977-98. Relationships with bioaccumula-

tion and total annual precipitation suggested

inputs from non-point sources were most impor-

tant in controlling zinc bioavailability during the

same period. Reproduction of M.balthica in this

metals-enriched environment persistently failed

between the mid-1970s and mid-1980s, but recov-

ered after metal contamination declined. Other

potential environmental causes such as food avail-

ability, sediment chemistry or seasonal salinity fluc-

tuations were not related to the timing of the

change in reproductive capability. The results

establish an associative link suggesting it is impor-

tant to further investigate the chemical interfer-

ence of copper and/or silver with invertebrate

reproduction at relatively moderate levels of envi-

ronmental contamination (Hornberger et al.,SOE

Poster, 1999).

➤  MORE INFO? mhornber@usgs.gov

Contaminants in Coots 

Though research shows that Bay Area water birds

with diets high in animal foods are exposed to

potentially health impairing trace elements, those

with herbivorous diets have been less thoroughly

examined. Researchers measured the concentra-

tions of trace elements in the livers and the

esophageal contents of an herbivorous water bird,

the American coot (Fulica americana) to compare

levels of contaminant exposure among different

locations in the Bay system and with other water

birds.They collected a total of 39 coots from four

sites: Napa River and Mare Island Strait in the north,

Berkeley in the middle, and Coyote Creek in the

south. Livers of Berkeley samples differed signifi-

cantly from those of Napa River and Mare Island

Strait by their greater concentrations of arsenic and

boron and lower concentrations of copper, but

they seemed to be within normal ranges for birds.

Otherwise the concentrations of trace elements in

the livers did not differ among sites . Ingesta sam-

ples from Berkeley differed from the other sites

because they tended to be higher in aluminum,

vanadium,and zinc. In contrast to waterfowl,livers

from the herbivorous coots in San Francisco Bay

showed little exposure to cadmium,mercury, lead

or selenium. Coot ingesta showed few samples

with measurable levels of cadmium,mercury or

selenium and had low levels of lead. The herbivo-

rous diet of coots may shield them from exposure

to such elements. However, high levels of vanadium

were present in coot livers and ingesta from all four

sites, suggesting adaptation to this known toxin

(Hui,SOE Poster, 1999).

➤  MORE INFO? cliff_hui@usgs.gov

For further information on contaminants, particularly issues related to
habitat restoration, see pp. 56-59.  

Toxic Hot Spots
San Francisco Bay 

PCBs in Water 1993-98

Percentage of Samples Exceeding
Human Health Guidelines

Peyton Slough

Castro Cove

Stege Marsh

Pacific Drydock/Storm Drain

Fruitvale/Storm Drain
San Leandro Bay

Entire San Francisco Bay
(Fish Tissue Contamination)

Point Portrero

Mission Creek

Islais Creek

Central Basin

Percent of Bay Samples 
Meeting Water Quality Objectives*

1994 1995 1996 1997 1998

Chromium 94 91 93 85 82
Copper 83 85 88 90 97
Mercury 79 80 87 67 75
Nickel 83 83 85 81 84
Lead 96 94 96 90 92
Selenium 100 100 100 97 99
Zinc 96 98 99 92 92
PAHs 61 69 53 59 25
Diazinon 93 100 94 100 100
Dieldrin 80 96 94 55 87
Chlordanes 100 93 84 87 89
DDT 98 92 90 88 91
PCBs 7 13 8 19 20
*Bay data from Regional Monitoring Program, SFEI 2000. 

Data from 1998 are preliminary .

Source: RMP
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The level  of contamination in the Estuary today

is high enough to impair the health of the ecosys-

tem, even though some contaminants are clearly

reduced from peak levels seen in

earlier decades. As a whole, the

Estuary can be described as

moderately impaired. Indications

of impairment include the toxici-

ty of the water and sediment

samples;the frequent presence

of contaminant concentrations

exceeding water, sediment and

fish guidelines;and altered com-

munities of sediment dwelling

organisms. Overall,sites in the

lower South Bay, the Petaluma

River mouth,and San Pablo Bay

are more contaminated than

other sites. Contamination in the

Central Bay is lower primarily

due to mixing with relatively

clean ocean water. Of all the con-

taminants measured by the Bay’s

Regional Monitoring Program,

results suggest that those of greatest concern are

mercury, polychlorinated biphenyls (PCBs),diazi-

non and chlorpyrifos (two pesticides). Also of con-

cern are copper, nickel,zinc, DDT, chlordane, diel-

drin,dioxins and polyaromatic hydrocarbons

(PAHs). Work outside the RMP suggests that sele-

nium is also a big concern (RMP, 2000).

➤  MORE INFO? www.sfei.org

Harmful Chemicals in Estuary Fish

Estuary fish contain several types of contami-

nants at levels high enough to raise concern for

the health of both the humans and wildlife con-

suming them,and even for the health of the fish

themselves. Fish contamination guidelines

referred to as "screening values" have been devel-

oped for the Estuary by the S.F. Estuary Institute’s

Regional Monitoring Program follow-

ing the guidance of the U.S.EPA

(exceedance of the values indicates

potential human health concerns). In

1997,mercury and PCBs exceeded

screening values for over 50% of the

samples tested from the Bay.

Researchers also tested a small num-

ber of fish samples for dioxins, and all

seven of these samples exceeded the

dioxin screening value. Screening val-

ues for DDTs, chlordanes, and dieldrin

were exceeded in 15-37% of samples

tested. Organic contaminants such as

PCBs and pesticides were highest in

white croaker and shiner surfperch,

while mercury was highest in striped

bass and leopard shark. Fish from the

Oakland harbor contained significantly

higher contaminant concentrations

than those from other locations.

Throughout the Bay, concentrations of PCBs, chlor-

dane, dieldrin and DDT were lower in 1997 than

1994. Continued monitoring will be required to

establish whether the declines obser ved are real

indications of declining masses of contaminants

or due to variation in other factors (RMP, 2000).

Farther upstream,the Sacramento River

Watershed Program began monitoring fish con-

tamination in the river in 1997. White catfish from

the Sacramento River exhibited relatively high

mercury concentrations. Rainbow trout  from the

northern Sacramento River had the lowest mercu-

ry concentrations among the species sampled,

and relatively low concentrations of organic con-

taminants (Davis et al.,SOE Poster, 1999).

➤  MORE INFO? www.sfei.org

Toxic Hot Spots in Bay Sediments 

Sediment quality screening of 127 sites in the

Bay—conducted as part of the State Water

Resources Control Board's Bay Protection and

Toxic Cleanup Program—identified a number of

sites as candidate toxic hot spots (see map).

Screening involved the use of reference sites to

establish toxicity thresholds, followed by  labora-

tory toxicity tests, in which amphipods and sea

urchin embryos were exposed to field-collected

sediment samples. Researchers then revisited

sites producing toxic samples for additional toxici-

ty testing, chemical

analysis, and evalu-

ation of infaunal

benthic communi-

ties. Preliminary

investigations of

sources and causes

of observed toxici-

ty were undertaken

at a few candidate

sites, indicating

increasing adverse

biological effects

associated with

increasing sedi-

ment concentra-

tions of numerous

covarying chemi-

cals, including pes-

ticides, metals,

PCBs, PAHs, hydro-

gen sulfide and

ammonia. Results

(TIE) implicated trace metals as probable causes of

toxicity at two sites, one in the South Bay and one

in Suisun Bay (Hunt et al.,1998). Many of the most

highly polluted sites were located near urban

creeks and storm drains. (Hunt et al.,SOE Poster,

1999).

➤  MORE INFO? jwhunt@ucdavis.edu

Linking Pollutants to Biological Effects 

The developed world has invested billions of dol-

lars in waste treatment since the 1970s, however,

changes in ecological or biological responses are

rarely associated with reductions in metal pollu-

tants. Researchers examined this association in a

novel,23 year, time series of environmental change

from a San Francisco Bay mudflat located 1 km

from the discharge of a suburban domestic sewage

treatment plant. Samples of surface sediment, the

bioindicator clam Macoma balthica (which feeds on

material attached to sediments),and metals load-

ing data were used to establish links between dis-

charge, bioaccumulation,and effects. Mean annual

silver concentrations in M.balthica were 106 parts

per million (ppm) in 1978 and 3.67 ppm in 1998.

Concentrations of copper declined from 287 ppm

in 1980 to a minimum of 24 ppm in 1991. Declining

copper bioaccumulation was strongly correlated

with decreasing copper loads from the plant

between 1977-98. Relationships with bioaccumula-

tion and total annual precipitation suggested

inputs from non-point sources were most impor-

tant in controlling zinc bioavailability during the

same period. Reproduction of M.balthica in this

metals-enriched environment persistently failed

between the mid-1970s and mid-1980s, but recov-

ered after metal contamination declined. Other

potential environmental causes such as food avail-

ability, sediment chemistry or seasonal salinity fluc-

tuations were not related to the timing of the

change in reproductive capability. The results

establish an associative link suggesting it is impor-

tant to further investigate the chemical interfer-

ence of copper and/or silver with invertebrate

reproduction at relatively moderate levels of envi-

ronmental contamination (Hornberger et al.,SOE

Poster, 1999).

➤  MORE INFO? mhornber@usgs.gov

Contaminants in Coots 

Though research shows that Bay Area water birds

with diets high in animal foods are exposed to

potentially health impairing trace elements, those

with herbivorous diets have been less thoroughly

examined. Researchers measured the concentra-

tions of trace elements in the livers and the

esophageal contents of an herbivorous water bird,

the American coot (Fulica americana) to compare

levels of contaminant exposure among different

locations in the Bay system and with other water

birds.They collected a total of 39 coots from four

sites: Napa River and Mare Island Strait in the north,

Berkeley in the middle, and Coyote Creek in the

south. Livers of Berkeley samples differed signifi-

cantly from those of Napa River and Mare Island

Strait by their greater concentrations of arsenic and

boron and lower concentrations of copper, but

they seemed to be within normal ranges for birds.

Otherwise the concentrations of trace elements in

the livers did not differ among sites . Ingesta sam-

ples from Berkeley differed from the other sites

because they tended to be higher in aluminum,

vanadium,and zinc. In contrast to waterfowl,livers

from the herbivorous coots in San Francisco Bay

showed little exposure to cadmium,mercury, lead

or selenium. Coot ingesta showed few samples

with measurable levels of cadmium,mercury or

selenium and had low levels of lead. The herbivo-

rous diet of coots may shield them from exposure

to such elements. However, high levels of vanadium

were present in coot livers and ingesta from all four

sites, suggesting adaptation to this known toxin

(Hui,SOE Poster, 1999).

➤  MORE INFO? cliff_hui@usgs.gov

For further information on contaminants, particularly issues related to
habitat restoration, see pp. 56-59.  
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